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This is an S.P. 33 kV. Wall Entrance Bushing. 
We make many types of insulators for all 
purposes and it may be worth your while to 
consult us before you finalize your design. 
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illustration shows the wide use 
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which is made of assembly jigs 
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close limits required. 
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MADE IN ENGLAND 


Ever since the advent -of radio, Osram 
Valves have been closely connected 
with all the progressive stages of de- 
velopment in radio science. Intensive 
research still goes on, and improve- 
tents in design and technique to 
keep pace with the advancing times 
will ultimately be of benefit to all. 


THE GENERAL ELECTRIC CO. LTD. 
Magnet House, Kingsway - - London, W.C.1 
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QAO 
THERE FS NO SUBSTITUTE 
FOR 
ENGINEERING EXPERIENCE 
te 
And this is obviously a matter of extent, intensity and time. 
Take Electrical condensers for instance—simple in conception maybe— 
but demanding infinite experience and skill, to satisfy the exacting 
operating conditions of modern requirements. The fulfilment of these 
has meant the whole time occupation of highly skilled specialists, 
working at high pressure, in this way to earn, along with their 
countrymen in other spheres, the right of survival. 
What a wealth of experience and technical excellence will be available 
to all, when happier times arrive ; and nowhere more than in 
Dubilier Condensers. 
D CONDENSER CO. (1925) LTO. R 
Cir Hi Crile: 
———— ae 
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TRANSFORMERS AND CHOKES 


A range of jhigh-performance, space-saving Com- 
ponents designed to meet the exacting requirements 
of modern Electronic and Communications equipments. 


@ Small in size. 
@ Weighing only 2 ozs. 








@ Meeting the most rigid Tropical Specification. for 
@ Easily mounted in any position. 
@ Manufactured in a variety of windings to 
meet many diverse applications 
WRIGHT & WEAIRE LTD. . 
HIGH ROAD, TOTTENHAM, N.1I7 PEW H 








Telephone: TOTtenham 3847-8-9 











(QD) SILVERED MICA CONDENSERS 


Incessant progress in methods of 
manufacture and research linked 
with the most thorough mechanical 
and electrical inspection, are reasons 
for the outstanding superiority of 
U.1L.C. Silvered Mica Condensers. 
Available in all standardized sizes. 
Suitable for tropical and arctic con- 
ditions. Type approved. 
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Valves and Speed 


Speed 1s more important to-day than ever well as the industrial sphere. For example, 
before in the world’s history. Its accurate when associated with photo-electric cells in a 
measurement — from the speed of light down to suitable apparatus, it will time with abso- 
the relatively slow speed of a racehorse — can lute accuracy the contestants in a race, be 
be more easily and positively achieved by elec- they horses, motor-cars or aeroplanes; and 
tronic means than in any other way. it will also photograph them automatically 

And so the thermionic valve can serve the at the precise instant they pass the winning 
community with equal facility in the social as post. 


MULLARD 


THE MASTER VALVE 


- A Valve for Every Purpose 


DOMESTIC - COMMERCIAL - INDUSTRIAL - SCIENTIFIC - MEDICAL - EXPERIMENTAL 


THE MULLARD WIRELESS SERVICE CO. LTD., CENTURY HOUSE, SHAFTESBURY AVENUE, LONDON, W.C.2. (67) 
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Man report of the Parliamentary. 


and Scientific Committee, pub- 

lished in October last*, should 
be read by all interested in the future 
of research in this country. 

The Committee was composed of 
an unofficial group. of members of 
both Houses and representatives of 
certain scientific and technical’ in- 
stitutions, and their report is divided 
into two parts: (1) the Need for 
Increased Research ; (2) The Supply 
and Training of Research Personnel. 

In reading through the first part 
one is struck by the comparisons 
between this country and the U.S.A. 


or U.S.S.R. in research expenditure. . 


In 1938-39 the total research ex- 
penditure in this country was 
approximately {£7,000,000. It is 
estimated that the corresponding 
amount’ spent in the U.S.A. was ten 
times this—{£70,000,000, and the 
outlay in Russia is on a similar scale. 

Some of the figures given for 
Government grants are so low that 
they read like misprints. The Royal 
Society administers a Government 
Grant-in-Aid for Scientific Investiga- 
tions of no less than {£7,000 per 
annum. The Parliamentary Grant- 
in-Aid for Scientific Publication 
amounts to £2,500 p.a. for the Royal 
Society and the Royal Society of 
Edinburgh combined. The Com- 
mittee remark mildly that “ pro- 
* Obtainable from the Parliamentary and Scientific 


Committee, Courtfield House, Courtfield Road, Lon- 
don, S.W.7., price 1s. 





Research 


vision should be made for a consider- 
able increase of this Grant.” 

The recommendations in the latter 
part of the report are concerned 
mainly with improvements in the 
University training for research, in 
increased teaching staffs, and the 
development of technical education. 

The universities will have to 
prepare for a rapid growth in the 
number of students, and this will call 
for an expansion of existing univer- 
sities and the development of some 
existing establishments into new 
universities. 

University staffs, stipends, and 
buildings will all require to be 
increased and it is suggested that a 


ELECTRONIC MUSIC 
GROUP 


NOTICE 
A preliminary meeting to discuss the 
formation and future activities of the 
Electronic Music Group will be held on 
Saturday, January 8th, 1944 

at 2.30 p.m., at the 
Northern Polytechnic, Holloway 
Road, N., by kind permission of the 
Head of the Music Trades Dept. 
Any reader interested in the subject 
is invited to attend, in addition to 
those whose names have already been 
registered with this journal. 
Nearest Tube Station : Holloway Road 
(Piccadilly Line). 
Trolley Buses 609 and 611 pass the door. 
Bus: 43. : 














capital sum of £10,000,000 will be 
required over the first five post-war 
years. 

The present Treasury grant of 
£2,250,000 p.d. should be increased 
to at least {6,000,000 . . . . and so on. 

It is gratifying that the salary of 
university teachers receives special 
mention. The average salary of all 
grades of lecturers in universities 
other than Oxford or Cambridge was 
£313 p.a. at the age of 30. Agreed, 
this salary is in most cases supple- 
mented by examination fees or 
coaching fees, but why should the 
lecturer be compelled to work over- 
time to earn an adequate income ? 

An interesting point for radio 
engineers is that there have been 
recommendations made for the for- 
mation of a Radio Research Board 
on the lines of the Electrical Research 
Board. 


It is recognised that the majority 
of leading manufacturers already 
have extensive and well-equipped 
laboratories, but the establishment of 
a central research institute cannot 
fail to benefit the industry as a whole. 
It will certainly tend to avoid duplica- 
tion of effort, which is a characteristic 
of many separate research centres. 
If the industry supports it more 
handsomely than the Government 
support their own establishments in 
peace-time, it will ensure that we do 
not resume a back seat in post-war 
radio and television. 
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THE DIODE AND AFTER 


Some Landmarks in Valve Development 


Fleming’s original Later type of de Forest’s Audion 
Diode of 1904 commercial diode 








{ 


| Sl ta IE lh Ee HEI ca 


Marconi V.24 : Ediswan ‘ R’ The first tetrode 
Triode valve — Marconi Co. 
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: [« 1851 Professor Heinrich Buff, of 


) existing in flames. 
' conclusion that gaseous bodies which 
have been 
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Before the Diode 


Under the title “The Saga of the Vacuum Tube’ 
of articles to the American journal ‘Radio News ’’. 


’ Mr. G. F. J. Tyne has contributed a series 
This extract deals with developments prior to 


the discovery of the Edison Effect and the Fleming Diode, and is reproduced by permission of the 


author and publishers. 


The series is being published in book form in due course and will constitute 


a well-documented account of the history and development of the thermionic valve 


the University of Geissen, published 
a paper’ on the electrical conditions 
He came to the 


rendered conductive by 


F strong heating are capable of exciting 


F other conductors, 


solid as well: as 


gaseous, electrically. At that time 


' the incandescent lamp was far in the 
' future, and the experiments reported 


were made using two small strips of 


| platinum introduced into a glass tube 
» which was closed at one end. Experi- 
’ ments involving, heating the tube even 


to the softening point of the glass gave 
a negative result, but when the strips 


| of platinum were exposed to the direct 


action of the flame of a spirit lamp, 2 


| current flowed between the strips, the 


flow being from the hotter of the two 


| strips toward the colder. 


Edward Becquerel, illustrious son 


' of an illustrious father, in 1853 began 


a study of the electrical conductivity 
of gases. His method was to apply 
heat externally to a platinum tube, 
down the axis of which were stretched 
two parallel platinum wires, main- 
tained at a difference of potential by 
a low voltage battery. This procedure 
was variéd in some cases by using the 
tube as one electrode’and a platinum 
rod placed axially in the tube, and 
supported at one end, as the other 
electrode. From his experiments -with 
this apparatus, and the measuring 
equipment which had been developed 
by the work of the men of whom we 
have previously spoken, he came to 
the following conclusions; * * *. 


(1) Gases- become conductors only at 
or above the’ temperature cor- 
responding to red heat, and as 
the temperature increases so 
does the conductivity. 


(2) At such temperatures they are 
conductors even when a low 
voltage is applied. 


(3) The relative dimensions. of the 
electrodes have an effect on the 
conductivity of the gas, the con- 
ductivity. increasing rapidly 
with the surface of the negative 
electrode. . 


‘(4) The résistance of the gas varies 
with the applied voltage, and 
with the current through it, that 
is, it does not obey Ohm’s law. 


(5) Below red heat the pressure of 
the gas has little effect, there 
being no conduction at low vol- 
tages. Above red heat rarefac- 
tion of the gas increases the 
conductivity. 

We know now that these effects 
noted by Becquerel were due not alone 
to the fact that the gas was heated, 
tending to produce ionic conductivity, 
but also to the fact that the electrodes 
were heated, whereby thermionic emis- 
sion was taking place. The results 
obtained by Becquerel do not seem to 
be widely known, as little credit is 
given to him in later treatises on the 
conduction of electricity through 
gases. 

Gustav Wiedemann refused to con- 
cede the possibility of gaseous con- 
duction and attempted’ to explain 
away Becquerel’s results by attribut- 
ing them to changes in the conduc- 
tivity of the cement used in sealing the 
electrodes in place. Blondlot, in 1881, 
confirmed® the results of Becquerel 
and ‘disproved the contention of 
Wiedemann. 

Fredrick Guthrie, in 1873, repeated 
Nollet’s procedure of more than a 
century before, of heating iron white 
hot and testing it for discharging 
power as it cooled. He found" that at 
white heat an iron ball would retain 
neither a positive nor a negative 
charge of electricity, but that at red 
heat it could retain a negative charge, 
but not a positive one. 


The Edison Effect 


In 1879 Thomas A. Edison finally 
succeeded in ‘‘subdividing the electric 
light’? when he brought the incan- 
descent lamp to commercial practic- 
ability. He was still at work per 
fecting it some four years later, when 
he observed and recorded the pheno- 
menon which received the name of the 
“Edison effect.” 

During his experiments he observed 
that as the time of operation of his 
incandescent lamp increased, the light 
output was reduced by a blackish de- 
posit on the interior of the glass bulb. 

In the course of his investigations 
he noted two other things which were 
of great importance. The first was 
that there was frequently to be found 
on the glass, in the plane of the fila- 
ment; a line which was. not blackened. 


The second, and this was the more 
important of the two, was that the leg 
of the filament which was connected 
to the positive pole of the circuit was 
always that which ‘“‘cast the shadow.”’ 
It appeared that the opposite side, 
which was connected to the negative 
pole, was throwing off minute particles 
of filament material which travelled 
outwards and were deposited on the 
glass everywhere except where the 
glass was screened by the positive leg 
of the filament. 

In order to study this effect more in 
detail, Edison had constructed some 
lamp bulos containing filaments and, 
in addition, small metallic shielding 
plates placed between the legs of the 
filament. He found’ that if this plate 
was connected to the positive end of 
the filament a current would flow 
across the vacuous space, but that no 
current would flow if it were con- 
nected to the negative end. 

Seemingly, the only use which 
Edison could imagine for this device 
was as an indicator to show variations 
of potential on the lighting circuit. 

In his patent application,’ filed 
November 15, 1883, for an ‘‘Electrical 
Indicator,’”’ the lamp apparatus used 
is shown in Fig. 1. In this applica- 
tion, however, there is to be found 
this very significant clause concerning 
the current across the vacuous space— 
‘‘This current I have found to be pro- 
portional to the degree of incan- 
descence of the conductor or the candle 
power of the lamp.”’ 

Probably because of the work in- 
volved in the introduction of the in- 
candescent lighting system, Edison 
did not have time to carry on further 
experiments. Even had he done so, 
and evolved a ‘‘valve’’ he would have 
been at least ten years ahead of his 
time. 

The .publication of the ‘‘Edison 
effect’? aroused interest in many 
places. In the first paper printed in 
the first volume of the Transactions 
of the American Institute of Electrical 
Engineers, Professor Edwin J. 
Houston gave “Notes on Phenomena 
in Incandescent Lamps.” In. this 
paper” Professor Houston referred to 
the ‘“‘peculiar high vacuum phenomena 
observed by Mr. Edison in some of his 
incandescent lamps.”? He then went 
on : 








274 


Electronic Engineering 


December, 1943 


























Fig. 3. Tube used by Elster and Geitel in 
1087, Reproduced from ‘ Annalen der 
Physik,”’ 1887. 


Fig. 5. Tube used by Hittorf to demon- 
strate unilateral conductivity. Repro- 
duced from “‘ Annalen der Physik,’ 1884. 


“The question is, what is the 
origin of this current? How is it 
produced? Since we have within 
the globe nearly a complete vacuum, 
we cannot conceive the current as 
flowing across the vacuous space, 
as this is not in accordance with our 
preconceived ideas connected with 
high vacua.”’ 

Professor Houston described another 
of Mr. Edison’s experiments which ap- 
peared to throw no little light on the 
matter. The apparatus used in this 
experiment is shown in Fig. 2 (which 
is Fig. 3 of Houston’s paper). Instead 
of placing the cold electrode between 
the legs of the filament, as had pre- 
viously been done, he placed two cold 
electrodes as shown at “‘P’’ and ‘‘P*.”’ 
Edison found that if the galvanometer 
was connected to the plate ‘“P,’’ as 
shown by the solid line, a current 
flowed through it, but that this was 
not the case when it was connected as 
shown by the dotted line, to ‘‘P*."’ 
Apparently, the current could not flow 
around a corner. 

Among those present, and taking an 
active part in the discussion which fol- 
lowed the reading of this paper was 
Sir William Preece, who was ex- 
tremely interested in the new pheno- 
mena. He announced that he _ in- 
tended to exercise his persuasive elo- 
quence upon Mr. Edison to induce Mr. 
Edison to give him one of these lamps 


Fig. 4. Tubes used by Elster and Geitel to 
demonstrate unilateral conductivity. Re- 
produced from “‘Annalen der Physik,” 1889. 





Fig. 6. Tube used by Fleming to demon- 

strate bi-directional conductivity as uni- 

directional conductivity. Reproduced from 
* Phil. Mag.”’, 1896. 


and said: 

‘When I go back to England 1 
shall certainly make an illustration 
before our society there, and then 
make careful inquiry into it.’’ 

How he succeeded and what he did 
will be seen later. 

Let us now return for a while to 
Germany. Julius Elster and Hans 
Geitel, beginning about the year 1880, 
pursued a series of investigations in 
that country. The results of these re- 
searches were reported in a series of 
articles beginning in 1882. The first 
four of these articles" deal with the 
characteristics of flames, particularly 
with reference to their unsymmetrical 
conductivity, and in part confirm the 
earlier work done along these lines. 
The fifth article” which appeared in 
1887 is entitled ‘‘On the Electrification 
of Gases by Glowing Bodies.’’ In 
this article experiments were described 
involving the use of a glass bulb, 
which could be exhausted or filled 
with various gases. Across the inside 
of this bulb was stretched a platinum 
wire which could be heated electri- 
cally. See Fig. 3. Opposite this wire 
and very close to it, was placed a 
platinum plate suspended by a lead- 
ing-out wire. The vacuum used was 
described as ‘‘the best possible—such 
as Crookes used in his famous experi- 
ments.”’? The results of these experi- 
ments of Elster and Geitel indicated 
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that ‘‘ Electrified Particles’? were 
thrown off from the glowing wire 
uniformly in every direction, and that 
the conductivity was unilateral. 

The next paper,” published in 
1889, is entitled ‘On the Excitation 
of Electricity when Galvanically 
Glowing Wires come in Contact with 
Heated Gases.’’ In this paper vari- 
ous experiments were described in- 
volving the use of. glowing platinum 
wires and glowing carbon filaments 
in exhausted bulbs, with cold elec- 
trodes of platinum placed at various 
distances from the glowing members. 
Mention is made of the fact that the 
carbon filament ‘always excites the 
cold electrode negatively. The bulbs 
were so constructed that they could be 
placed within the poles of a magnet 
of the horse-shoe type, and the effect 
of the magnet on the apparent con- 
ductivity of the vacuous space was 
noted. 
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In the latter part of this paper a 
theory, first enunciated by A. 
Schuster,“ is used to explain the uni- 
polar conductivity. This theory is 
based on the dissociation of the gas 
molecules by contact with the glow- 
ing body. It is interesting to note 
that in this paper Elstér and Geitel 
acknowledge that their work was 
made possible by a grant of American 
funds, provided by the Elizabeth 
Thompson Science Fund of Boston. 

The last paper of this series was 
published” in 1889 and describes fur- 
ther experiments with various other 
tubes of the forms shown in Fig. 4. 

While Elster and Geitel were con- 
ducting their investigations another 
German scientist, William Hittorf, 
had been for some time working on 
gaseous conduction. In his work 
Hittorf made use of high voltages, 
developed from a large number 
(2,400) Bunsen cells connected in 
series. This gave about 4,000-4,500 
volts with which he could observe 
phenomena of the type seen in the 
days of static electricity, but which 
he could reproduce at will, and sus- 
tain long enough to permit of taking 
accurate observations. Hittorf’s first 
paper ‘‘On the Conduction of Elec- 
tricity in Gases,’’ appeared” in 1869, 
his second” in 1874, his third® in 1879 
and his fourth” in 1883. In these 
papers Hittorf describes his work on 
conduction in rarefied gases, using 
cold electrodes. It is in his. fifth 
paper, which appeared” fn 1884, that 
we first find reference to the use of a 
cathode which was heated by external 
means. The apparatus used is shown 
in Fig. 5. He was led to the use of 
this cathode by the difficulties he ex- 
perienced with the evolution of gas 
from the electrodes previously used. 

These electrodes became hot, owing 
to the high energies of the gaseous 
discharge and the occluded gases 
which were released impaired the 
vacuum and affected the discharge. 
To obviate this difficulty he used a 
cathode which could be maintained at 
a high temperature by means which 
were independent of the discharge. 
Hittorf’s publications are dry, almost 
repulsive, reading and their value 
was buried deep in the mass of ex- 
perimental data which he reported. 

The experiments which he * per- 
formed were essentially those of Bec- 
querel, except that he used higher 
voltages and better vacua and was 
able to heat one electrode at a time. 
He observed that when the spiral 
platinum cathode was brought to or 
above a red heat, the conductivity of 
the gaseous space rose rapidly with 
the increase of cathode temperature, 
and that a similar condition was ob- 
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served if the cathode were made of 
carbon. He noted™ (as Becquerel 
had previously done) that the conduc- 
tivity increased as the pressure of the 
gas was lowered. 

He also noted that even with the 
cathode heated by means of an exter 
nal auxiliary battery it was neces- 
sary, in order to maintain the vacuum, 
to continuously remove, by means of 
the pump, the gases given off. He 
observed that the current flowed only 
when the heated electrode was used as 
a cathode, at low voltages, that is, 
that the conductivity of the space was 
unilateral at those voltages. In this 
he went a step further than Becquerel, 
who could not have made such an 
observation since, due to his experi- 
mental arrangement, both his elec- 
trodes were heated. 

Having thus followed the progress 
of investigation in Germany up to 
about 1890, let us now return to Eng- 
land. Early in 1882, after the forma- 
tion of the Edison Electric Light 
Company of London, John Ambrose 
Fleming (later Sir John Ambrose 
Fleming) was appointed electrical 
adviser to the company. He was thus 
brought into close touch with the 
many problems which arose in the use 
of incandescent lamps. . He, Tike 
Edison, soon noted that when carbon 
lamps were blackened in_ service 
there sometimes was found on _ the 
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glass, at a point opposite where the 
filament had finally burned out, a 
lighter deposit of the black material 
than was to be seen elsewhere on the 


glass. 
This he termed a ‘“ Molecular 
Shadow.”’ His first mention of it 


comes in a paper read before the Phy- 
sical Society of London on May 26, 
1883." In this paper he observes that 
the shadow is found only where there 
is a copper deposit on the inner sur- 
face of the glass bulb,, never with 
the ordinary carbon deposit. This 
paper was a short one, more or less of 
a summary, to precede a full discus- 
sion. The full discussion, however, 
did not appear until some two years 
later, on June 27, 1885,” which was 
some time after the discovery of the 
Edison effect had been announced. 
In this latter paper he notes that in 
some cases where only carbon deposit 
existed he observed the same mole- 
cular shadow as in the case of the 
copper deposit, wherever both legs of 
the filament were in the same plane, 
and the filament had burned out due 
to the development of a hot spot. 
Meantime, Sir William Preece had 
returned from America with the fruits 
of his ‘‘ persuasive eloquence ”’ in the 
form of some of Edison’s lamps. With 
these lamps he proceeded to dupli- 
cate the experiments he had observed 
in ‘America andi make quantitative 


























Fig. 1. Drawing of Edison effect lamp. 
Reproduced from U.S. Pat. No. 307031, 
issued October 21, 1884, 


Fig. 2. Edison effect lamp used by Prof. 
Houston, Reproduced from ‘“ Trans. 
A.1.E.E.”" 1884, 





276 


measurements of the Edison effect. 
The results of these experiments were 
presented to the Royal Society in 
1885." 

The paper opens by describing the 
experiments he had witnessed in 
America and then goes on to describe 
his own work using Edison’s lamps. 
It is in this paper that we first find 
mention of ‘blue glow” or ‘ blue 
effect ’’ (due to the ionization of the 
residual air) which defied explanation 
for a long time. This appeared when 
the lamps were operated somewhat 
above their rated voltage. In the pre- 
sence of this blue glow, ‘Preece ob- 
served that current could be made to 
flow not only from cold to hot elec- 
trode, but also in the reverse direc- 
tion. 

He observed that the current was 
unaffected by the material of which 
the cold electrode was composed, but 
increased rapidly with increasing 
potential across the lamp. “That is, 
he confirmed Edison’s pbservation 
that this. effect was proportional to 
the degree of incandescence of the 
lamp, as stated in his patent which 
had previously been issued. 

On. February 14, 1890, Fleming 
gave a Friday discourse before the 
Royal Institution on ‘‘ Problems in 
the Physics of an Electric Lamp.’™ 
He.again discussed molecular shadows 
and the yeason for their formation. 
He also reviewed the work of Preece 
and repeated his experiments. In 
addition he showed that a single 
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Clark cell would cause a flow of cur- 
rent across the vacuous space if the 
positive pole of the cell was con- 
nected to the cold electrode, but that 
if the battery was reversed there was 
no flow of current. . This was in 
agreement with the results attained by 
Hittorf in 1884, who showed that even 
a small voltage was sufficient to send 
a current across the vacuous space, 
provided the cathode was a high tem- 
perature and the positive pole of the 
battery was connected to the cold 
electrode (plate). 

Fleming also showed that if the cold 
electrode is heated to incandescence 
then the current may be made to flow, 
by the use of the external battery, in 
either direction through the vacuous 
space. Fleming did this by means of 
the apparatus shown in Fig. 6. It 
should be remembered that this same 
conclusion was reached by Becquerel, 
with somewhat poorer vacua, in 1853. 

These investigations were carried 
still further and resulted in another 
paper before the Physical Society of 
London on March 27, 1896, and en- 
titled ‘“‘A Further Examination of 
the Edison-Effect in Glow Lamps.’ 
In this paper Fleming repeated some 
of the quantitative experimental work 
previously done by Preece and gave 
a curve which showed the rela- 
tion between the potential across 
the lamps, and the current through the 
vacuous space. He also announced 
that even if alternating current was 
used to heat the filament, that a uni- 
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directional current was obtained in 
the cold electrode circuit. 

The last important work prior to 
the application of the vacuum tube 
as a rectifier of high frequency oscil- 
lations in wireless telegraphy is re- 
corded in a paper given before the 
A.I.E.E. in February, 1897, by 
John W. Howell.” This paper was 
intended as a discussion of the paper 
by Houston, previously mentioned. It 
discusses the Edison-effect phenomena 
which occur in lamps when. the ‘‘blue 
glow”’ is pronounced, and states that 
the presence of the biue glow indi- 
cates the passage of electric current 
across the vacuous space. This paper 
is remarkable in that it is the first to 
show that currents of more than a 
few milliamperes may.be made to flow 
across the space at moderate voltages. 
Howell states that he had measured 
vacuous currents in an ordinary car- 
bon incandescent lamp, of more than 
25 amperes,, which were sufficient to 
expand the platinum lead-in wires 
and shatter the glass. 

Up to this time, it-is to be noted, 
no one except Edison had shown any 
technical application of the Edison- 
effect. It is probable that Edison did 
so primarily for the purpose of obtain- 
ing patent protection, although 
Frank J. Sprague, in a letter to 
William J. Hammer, dated December 
27, 1883,” praises the arrangement as 
an extremely sensitive indicator of 
small changes in voltage at the oper- 
ating potential of the lamps. 
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The C.-R. Tube in Mechanical Testing 
By E. CATTANES, M.Brit.|.R.E. * 


A critical review of the application of the Cathode-Ray Tube to mechanical measurements and the 
pick-up devices available for use with it. 


The Cathode-Ray Tube 


T is assumed that the construction 
and principle of operation of the 
cathode-ray tube are well known. 


| The high vacuum tube with electro- 


| static 
' implied, as this is now the accepted 


focusing and deflection is 


standard for measurement work. Its 


| chief advantages from the operational 


standpoint, and therefore necessarily 


: including consequential advantages, 
F are the following :— 


(1) For practical purposes it is an 
inertialess indicating device. 

(2 It possess a two-dimensional 
recording field. 

(3) It provides visual indication and 
with it the facility for the ex- 
amination of the law of recur- 

* Messrs. A. C. Cossor 


rent phenomena irrespective of 
the repetition frequency. 
(4) It enables direct photographic 
recording. 
(5) It possesses 
accuracy. 
(6) It is not subject to wear, as are 


high comparative 


other devices possessing mov-. 


ing parts. 

(7) It is reliable and robust and not 
damaged by sustained over- 
loads. 

Its disadvantages are, however, not 

generally recognised. They are :— 

(1) The cathode-ray tube is an in- 
herently insensitive device. 

(2) Its direct use on accurate quan- 
titative work is difficult. 

(3) Its successful application to 
mechanical test work is entirely 


dependent on the performance 
and characteristics: of the con- 
verter units, usually called pick- 
up devices, which. must be used 
to convert the mechanical effect 
investigated into the. voltage 
change required for application 
to the cathode-ray tube-or its 
related amplifiers, 

The elimination of the second diffi- 
culty involved the progressive. de: 
velopment of the cathode-ray tube as a 
measuring instrument, as is essential 
for its use in industry. 

With regard to the last point, not- 
withstanding that the tube .as -now 
produced is completely satisfactory in 
other respects, its application to 
mechanical tests is essentially depen- 
dent on the type of pick-up device 
used. * It is for these. reasons, there- 
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fore, that we are induced to examine 
both the cathode-ray tube and the 
pick-up devices themselves. 


The Cathode-Ray Oscillograph 

In the early cathode-ray tube the 
spot deflection was not proportional to 
the voltage applied to the deflector 
plate, and the use of such a tube or 
quantitative work entailed calibration 
of the whole screen area. In time the 
various distortions responsible for 
this condition were individually re- 
cognised, and without discussing them 
in detail it can. be stated that they 
were progressively eliminated, and 
that to-day most of them have been 
or can be corrected, either in the tube 
or in the design of the attendant 
equipment, to an extent sufficient to 
keep the resulting error below the 
acceptable limit. 

The tube sensitivity is a function of 
the anode potential and the calibra- 
tion is affected by its variation. There- 
fore to meet the requirements of quan- 
titative work some system of stabili- 
sation of the power supply is desir- 
able. It is somewhat difficult when 
using the electronic method because 
of the high voltage involved’ It 
can, however, be done if required. 

The low sensitivity of the cathode- 
ray tube makes the use of an amplifier 
essential, as voltages (of the order of 
250_to 1,000) required to scan the 
screens of the usual tubes are not 
directly available from pick-up de- 
vices or attendant pre-amplifiers. The 
frequency range required to cover all 
mechanical effects is from o to 100,000 
c/s. A symmetrical D.C. driver am- 
plifier providing this performance is 
thus required, which for calibration 
purposes must also be stabilised elec- 
tronically. This amplifier should be 
visualised as forming part of the tube, 
not only because by its means certain 
tube distortions (such as trapezium) 
can be eliminated, but because the 
combination comprises a -unit which 
virtually replaces a meter or the usual 
indicating instrument. 

This basic unit is only suitable for 
use with a moving film camera, as 
obtains avhen permanent records are 
required. Nevertheless, to make full 
use of the cathode-ray tube a time 
base should be included. A stationary 
trace of repeating wave forms can thus 
be obtained. The recurrency of the 
traverse can be automatic or con- 
trolled electrically or mechanically to 
synchronise with the frequency of the 
effect examined. The time base 
should also be capable both of ex- 
panding a small detail of the trace 
and also providing single stroke 
operation for the photography of 
transients. Hard valve time bases 
fully meeting these requiremerits are 
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Fig. 2. 70mm. Film Camera with time mark- 
ing facilities. 

available, and when included in the 

tube unit described above form what 

may be considered as the basic oscillo- 

graph for industrial work. 

So far, we have assumed a single 
record, but in practice it is often 
necessary to examine more than one 
related effect. The Double-Beam 
Tube meets this requirement without 
the need of further elaboration of the 
oscillograph unit described above. 
The time base is common and the two 
valves of the symmetrical amplifier 
can be adapted for independent, single 
stage, asymmetrical operation. The 
only duplication is in the input circuit 
arrangements. Fig. 1 illustrates a 
record of torsional oscillation of an 
engine shaft with cycle and absolute 
time marking pulses obtained on a 
double-beam tube. 

Unfortunately, in an_ increasing 
number of industrial tests, even two 
records are often not sufficient. It is 
not convenient to adopt more than two 
beams per tube unless additional elec- 
tron guns are used, and as this is tan- 
tamount to duplication of the tube, 
this latter expedient is preferable. By 
using two double-beam tubes four 
simultaneous records can be obtained. 
Furthermore, that part of the film 
corresponding to the interspace be- 
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Fig. 1. 35mm. moving film record with 

Do Beam Cathede-Ray Tube. 
‘S) Tersional oscillation on an engine shaft. 


B) Cyclic time ee 
C) Absolute time marking. 
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tween the tubes can also be used fo 
time marking, making a total of five 
photographic traces on a single 70 
mm. film. Fig, 2 shows a separate 
film camera, illustrating the mounting 
of the double lens and time marking 
system, and finally, Fig. 3 illustrates 
a representative record. Units of this 
type can be made sufficiently robust 
for use for tank or traction recording 
work, or other field tests. When 
necessary the indicating and record- 
ing equipment can be located at any 
distance required for the pick-up de- 
vice and thus away from the site of 
test. 

The technique covering the elec- 
tronic circuits between the pick-ups 
and the cathode-ray tube indicator is 
now well established. At least it is 
theoretically possible, though in prac- 
tice often difficult or expensive, to 


produce apparatus which is fully 
satisfactory in this respect. The 
elaboration or expense will be de- 


pendent on the class of work, the 
method used, the type of pick-up 
chosen, and, above all, the accuracy 
required in the quantitative deter- 
minations. Nevertheless, the basic 
cathode-ray oscillograph equipments 
described so far as suitable for use in 
almost every class of industrial test 
work and with any of the pick-up 
devices now to be examined. 


Pick-up Devices 

Mechanical tests in which the 
cathode-ray tube can be used may) 
conveniently be sub-divided into two 
classes :— 

Dynamic Tests. 

Covering the functional test of 
mechanical apparatus and compris- 
ing the determination of one or 
more of the following fundamental 
effects: pressure, movement, velo- 
city and acceleration. 

Static Tests. 

Concerned with the examination 
of materials, such as the detection 
of flaws within the material itself 
or the delineation of its contour or 
surface condition, 

Most of the pick-up devices to be 
described can be applied to both 
classes. The functional tests are ob- 
viously the most important. Gener- 
ally speaking, an apparatus designed 
to indicate one of the basic effects 
mentioned can be applied to all the 
others. Theoretically, this can be 
done electronically within the instru- 
ment by differentiating or integrating 
circuits, and mechanically by adapt- 
ing the design of the pick-ups them- 
selves. In practice, however, such 
conversions are not always possible or 
satisfactory. 

Devices for converting mechanical 
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effects into electrical energy—the so- 
called ‘‘pick-ups’’—are _ necessarily 
restricted in number, 

Those making use of piezo-electric 
phenomena or magneto-striction are 
self-excited and are reversible in 
action in that they produce a voltage 
under mechanical stress and a’ 
mechanical movement under a voltage 
stress. 

Other pick-up devices, such as con- 
densers, photo-electric cells, and re- 
sistance elements, require to be polar- 
ised either by direct or alternating 
current, or by H.F. current. 

The function of the associated ap- 
paratus is then to provide the polaris- 
ing voltage or current, the bridge 
input circuit, the amplifier, converter, 
or detector before the converted 
energy is applied to the oscillograph. 

According to the characteristics of 
the pick-up and method of use, the 
records obtained may be proportional 
either to the effect investigated or to 
its derivative. The former only is 
capable of static calibration. 

The various devices possess advan- 
tages and limitations, and as is to be 
expected, their relative value also de- 
pends both on the method of use and 
on the type of application. In design 
they all involve both mechanical and 
electrical considérations, and this is a 
basic difficulty which is absent in the 
cathode-ray tube section of the ap- 
paratus. 

All completed pick-ups are to a 
greater or lesser extent temperature- 
sensitive. Some are inherently so, 
and when used in applications involv- 
ing large changes of temperature the 
design must include provision for 
temperature compensation. xe 38 
usual to provide liquid cooling, more 
so in the case when large changes of 
pressure ate also involved, as in 
Engine Indicator work, to avoid the 
diaphragm becoming plastic. In this 
latter case a supported diaphragm is 
usually indicated, 

We can now examine the chief de- 
vices individually from a_ technical 
aspect. It will not be possible in this 
brief survey to discuss design details 
or indicate the manner in which each 
is used in the various applications 
mentioned. 

Capacitances 

Pressures or movements can be 
made to change the capacitances of 
the condenser of suitable design hav- 
ing moveable diaphragm or plate. In 
all cases. a gaseous, liquid or solid 
dielectric can be used. Irrespective 
of the method of use the condenser 
element possesses certain inherent 
advantages, which are :— 

(1) It is suitable for use at the high- 

est frequencies and therefore 
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A representative 70mm. film multiple 
record obtained with the instrument of Fig. 2. 
comprising four records plus central time 
marking. 


indicated for impulse 
shocks, explosions, etc, 

(2) It is equally effective for tension 
or compression. 

(3) It is free from hysteresis when 
used with a suitable (air) dielec- 
tric. 

(4) It is not inherently temperature 
sensitive. 

(5) The dielectric can be used as a 
cooling agent. 

(6) It is the easiest to apply on 
most applications and is suit- 
able for the direct-investigation 
of pressures, movements, velo- 
cities and accelerations. 

(7) It is the most adaptable and in 
many movement tests it can be 
applied permanently to the 
machine without interfering 
with its operation. 

(8) With'a solid dielectric and sup- 
ported diaphragm it is almost 
indestructible and suitable for 
the highest pressures. 

(9) Is suitable for use on surface or 
profile analysis tests. 

(10) Is suitable as detector of ultra- 
sonic vibrations on crack detec- 
tion tests. 

It is generally accepted as being 
the most versatile pick-up device and 
is used also for detonation detection, 
torsional oscillations, vibrations, and 
other movements. A design suitable 
for use on Engine Indicator tests is 
shown in Fig. 7. 


tests, 


D.C. Polarisation 

According as to whether the time 
constant of the pre-amplifier input 
circuit is large or small the voltage 
change obtainable is proportional to 
the applied pressure (or movement), 
or to its rate of change. This method 
simplifies the construction of the 
apparatus, but has the following dis- 
advantages :— 

(1) Static calibration is impossible. 


(2) The pick-up possesses a high 


¢ 
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impedance and is thus subject 
to electrical interference. 

(3) It requires a high insulation re- 
sistance and the attendant risk 
of leakage effect entails care in 
use. This applies also to the 
input circuit of the instrument. 

(4) The device can only be used at 
a limited distance from the rest 
of the apparatus. 

H.F. Polarisation 

‘The pick-up device can be made to 

modulate the H.F. polarisation either 
in frequency or amplitude. Used with 
the bridge input network the change 
of impedance resulting from the 
movement of the diaphragm is pro- 
portional to the applied pressure ot 
movement. The‘ further advantages 
gained are as follows :— 

(1) It will respond to the D.C. 
component of the effect. 

(2) It cam be calibrated statically, 
and is ‘suitable for hydrostatic 
pressures. 

(3) A low impedance pick-up can be 
made and without the use of a 
transformer will match a low 
impedance line which is less 
liable to electrical interference. 

(4) All the apparatus can be kept at 
whatever distance is required 
from the pick-up device and 
machine on test. Thus the risk 
of vibration effects is reduced 
to a minimum. 

The only disadvantages are :— 

(1) The complication of electrical 
circuits. 

(2) The high cost of the equipment. 


Resistances 

There are certain substances which 
change their internal resistance under 
pressure, and they all possess the fol- 
lowing features in common :— 
Advantages. 

(1) They respond to the D.C. com- 
ponent and are suitable for 
hydrostatic pressures. 

(2) Static calibration is possible. 

(3) They possess low impedance, 
which is almost independent of 
frequency. 

(4) When insulated, are suitable as 
immersion units. 

Disadvantages. 

(1) These elements are invariably 
temperature sensitive. 

(2) They are not suitable for 
measuring movements. 

(3) They are more suitable for com- 
pression pressures. 

(4) Liquid cooling of pick-up de- 
vice is essential. 

There are two distinct types of re- 

sistance element :— 
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(1) Carben Composition 

This assumes a mixture containing 
carbon to form a solid compound, and 
excludes the carbon pile and granules 
type of element. The latter is now 
obsolete as the effect utilised was the 
change of contact resistance which is 
inherently unstable. 
Advantages. 

(1) High sensitivity. 

(3) Maximum simplicity of the ap- 
paratus. 

Disadvantages. 

(1) Fragility of the element, which 
is not suitable for pressures 
above 1,000 Ib./sq. in, 

(2) The low pressure range is re- 
stricted by interference effects 
within the element. 

Nevertheless, it is possible to pro- 

duce the simplest of all pressure re- 
cording equipments with this type of 
Pressure Unit, as shown in _ the 
circuit diagram on p. 277. This 
equipment is capable of producing 
results which are comparable to the 
best obtained with more complicated 
apparatus. A representative Engine 
Indicator diagram on a piston dis- 
displacement and crank angle base is 
also shown in Figs. 5 and 6 respec- 
tively. 

(2) Metal Alloys 

Certain alloys, such as manganin in 

particular, are pressure sensitive, but 
unfortunately the change of pressure 
is of the same order as the change of 
temperature and is very small. Ele- 
ments of this type are still in the ex- 
perimental stage. There are other 
alloys which exhibit the same proper- 





Fig. 5. Engine Indicator diagram on a Piston 
Displacement Device obtained on Cathode-Ray 
Indicator (p. 277) 
ties and though promising are still in 
the experimental stage. These are 
certain silver alloys, silver-mangan- 
ese, and silver-manganese-tin alloys, 
as also dilute binary alloys of copper 
silver and gold. The silver man- 
ganese alloys appear so far to be 
the most satisfactory in possessing a 
high pressure coefficient of resistance. 
Advantages. 
(1) The element is stable and free 
from internal interference. 
(2) It will withstand very high 
pressures, 
Disadvantages. 
(1). It entails complicated pick-up 
design for compensation of tem- 
perature effect, 
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(2) It has low sensitivity and re- 
quires high D.C. amplification, 
entailing the risk that, should 
drift be present under these con- 
ditions the calibration will be 
upset. 

(3) The design must reduce eddy- 
current effects in the element. 


Electromagnetic Devices 

Movements or pressures .can be 
made to move the diaphragm or arma- 
ture of a suitable electromagnet, thus 
varying the air gap. A device of this 
sort possesses the following common 
features :— 

Advantages. 

(1) It is suitable for both tension 

and compression. - 

(2) It is simple to design. 

(3) It possesses low impedance. 
Disadvantages. 

(1) It is restricted 

range. 

(2) It is subject to phase- and fre- 

quency distortion. 

According to the method of opera- 
tion these features are modified as 
follows :— 

D.C. Polarisation 

When polarised by D.C., or when a 
permanent magnet is used, the dis- 
placement of the diaphragm induces 
a voltage in the coil which is propor- 
tional to the rate of change of the 
effect applied. This is a fundamental 
drawback of the device, as electrical 
integration is required to obtain the 
record of the pressure or movement 
effect. 

H.F. Polarisation 

The change of impedance due to 
the movement_of the armature creates 
an out-of-balance H.F. voltage on 
the bridge circuit input which is pro- 
portional to the pressure or movement 
applied. This makes the device suit- 
able for static calibration, provided 
the H.F. voltage is not rectified. 
This is not a satisfactory method as 
the record required is an envelope of 
a waveform and its outline is often 
unstitable for photographic record- 
ing. 


in frequency 


* Photo Cells 


The Photo Cell must be used in 
conjunction with cams. and dia- 
phragms and is more suitable for in- 
vestigating movements than pres- 
sures Nevertheless, it has been 
applied successfully to the latter by 
using the light reflected by dia- 
phragm movements with changes in 
pressure. The law of variation is 
complicated, but it can be made sen- 
sibly linear over the operating range 
by ,;suitable design of the dia- 
phragm itself and the optical system. 
This entails the use of charts and an 


~ 
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Fig. 6. 
angle base obtained on Cathode-Ray Indicator 
(p. 277) 


Engine Indicator diagram on a crank 


assortment of diaphragms. The 
device can be made to avoid tem- 
perature effects, but it is more sub- 
ject to the effects of vibration. To 
overcome these and other difficulties, 
such as the variation in photo cell 
cathode sensitivity, the device. should 
be used on the ‘“‘variable intensity” 
rather than on the ‘‘variable area’ 
principle, although the latter is more 
efficient and simple to carry out. An 
illustration of its use as a piston dis- 
placement device is given on the cir- 
cuit diagram of the Engine Indica- 
tor shown at the head of this article. 


Piezo-Electric Crystals 

Use is made of the well-known 
phenomenon that certain crystals will 
develop an electric charge across a 
pair of faces when pressure is applied. 
Quartz, tourmaline and Rochelle are 
the more common crystals in use. 
They are less adaptable for investiga- 
tion of movements, but are suitable 
for certain static tests. They are 
generally too fragile for many 
mechanical applications. The vari- 
ous crystals have somewhat different 
characteristics, and quartz is the most 
favoured, 

Its advantages are:— 

(1) It-is mechanically the strongest 
crystal. 

(2) It has no hysteresis.’ 

(3) Its response is directly propor- 
tional to pressure. 

(4) It has good electrical 
tion. 

(5) It can be calibrated statically. 

Its disadvantages are :— 

(1) It has low sensitivity. 

(2) It has high impedance, and is 
thus subject to electrical inter- 
ference, vibration effect and 
loss of insulation. 

(3) It is not suitable for hydrostatic 
pressures. In this case tour- 
maline should be used and can 
be applied as an immersion 
unit. 

In addition to pressurés, quartz is 

(Continued on p. 295.) 
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Dust Cored Coils 


Conclusion: Part V.—Methods of Measurement 
By V. G. WELSBY, B.Sc. (Eng.)* 


Introduction 

N the previous parts of this article, © 
iE has been assumed that it is’ 

always possible to measure 
effective inductance and resistance of 
a coil experimentally. In this final © 
part, it is proposed first of all to deal © 
briefly with some available methods | 
of measurement and then to proceed | 
to a consideration of the practical, 
difficulties involved and the accuracy 
obtainable. Finally, a more detailed © 
description will be given of a parti- 


the 4 







cular piece of apparatus used by the ~ 


author for the experimental analysis 
of coil losses. 


impedance Measurement 
A.C. Bridges 





ei tlh 





The possible variations of 
Wheatstone bridge circuit are almost 
unlimited, and only a brief summary 
can be given here. Further details 
can be obtained from standard text- 
books or from references given in the 
bibliography.” * A.C. bridges for 
coil measurements can be classified 
broadly into two types; resonant and 
non-resonant. In the former type, 
as the name suggests, the test coil is 
connected either in series or in 
parallel with a standard variable con- 
denser which is adjusted to resonate 
at the testing frequency. The non- 
resonant type may use either a con- 
denser or an inductor as a reactance 
standard. Fig, 5.1 shows the funda- 








A a 


























(at balance) 











Fig. 5.1. Fundamental A.C. bridge circuit. 


mental bridge circuit, and Fig. 5.2 
shows some typical arrangements of 
the bridge arms. In each case, the 
conditions for balance are indicated. 
Lx, Cx and Rx represent standard 
inductors, condensers and_ resistors, 
respectively, whilst Z is the unknown 
impedance of the test coil. 

The Q-Meter 3. 5 

The operation of this. instrument 
depends on the fact that if a known 
* P.O. Research Station 





Cc 


the — 


Mounting for two adjustable ent type coils 
with screening can removed. (G.P.0.). 

e.m.f. at the resonant frequency is 
applied across a coil and condenser 
in series, the ratio of the potential 
difference between the coil terminals 
to the applied e.m.f. is equal to Q, 
the “magnification”? or ‘‘quality fac- 
tor” of the coil (neglecting condenser 
losses). The circuit arrangement in 
its simplest form is shown in Fig. 5.3. 
An oscillator feeds a constant cur- 
rent; indicated by a meter Mi; 
through a resistance #2. which is 
chosen so that it is small compared 
with the effective resistance of the 
test coil. The voltage V: across Ra 
is then practically unaffected by the 

Vz 
since Q = ‘ 
V; 

the high-impedance valve voltmeter 
M;, can be calibrated directly in terms 
of Q. The inductance and resistance 
of the coil can then be obtained from 
the relations :— 


tuned circuit and, 











|S Gi OES a a RN ARPS ey (1) 
oC 
wl’ I 
Rr = — = —...... (2) 
Q Qocx 


Although its accuracy is limited by 
condenser losses, particularly when 
using an additional external conden- 
ser for measuring coils of small in- 
ductance, the Q-meter has the great 
advantage that it is simple to operate 
and is direct-reading. This makes it 
very useful for routine comparison 
measurements on batches of coils 
wound to the same specification. - It 
has also been found useful for the 





measurement of self capacitance, an 
operation which is somewhat tedious 
by other methods. A description of 
the methods used may be of interest. 


Measurement by Self Capacitance by Q-meter 

At its natural resonant frequency, a 
coil behaves as a pure resistance. If, 
therefore, another coil of smaller in- 
ductance is tuned on the Q-meter to 
the natural resonant frequency of the 
original coil, the addition of the 
latter in parallel will merely cause a 
reduction of apparent Q and will not 
require a change in the setting of Cx. 
If the frequency is not correct, and 
Cx has to be decreased to retune, this 
means that the test coil behaving as a 
negative reactance, and is thus work- 
ing above its own resonant frequency. 
On the other hand, if Cx has to be 
increased, the testing frequency is too 
low. 

A few trials should suffice to enable 
the natural resonant frequency of the 
test coil to be determined quite ac- 
curately. In general, the effective 
permeability of a dust-cored coil can 
be taken as constant at least up to 
its natural resonant frequency, so 
that the self capacitance can be ob- 
tained quite easily from the induct- 
ance value measured at low frequen- 
cies. An exception to this rule might 























Fig. 5.3. @Q-meter circuit. 

arise if a high permeability toroidal 
core, intended for use at low frequen- 
cies, were wound with a small num- 
ber of turns so that both the induct- 
ance and self capacitance were low. 
In such a case the self capacitance 
can be estimated by measuring the 
change of apparent inductance with 
frequency at low frequencies, or by 
measuring the apparent capacitance 
of the coil at frequencies well above 
resonance. ‘This represents a more 
complicated problem, however, which 
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is outside the scope of the present 
article. 


Reactance and Resistance Variation 


Here, as with A.C. bridge circuits, 
there are many possible arrange- 
ments, of which only a brief summary 
can be given. All these methods de- 
pend on the “‘damping”’ effect of coil 
losses on the resonance curve of a 
tuned circuit including the test coil 
and a standard condenser. For ex- 
ample, suppose a constant e.m.f. £ is 
applied to the coil and condenser in 
series (see Fig. 5.4) and the condenser 
value Cx is adjusted to give the maxi- 
current /. If now the reactance of 
the tuned circuit is changed, either by 
altering the setting of Cx or by alter- 
ing the frequency, until the current 
has dropped to // V2, it can be shown 
that the Q of the coil (neglecting 
condenser losses) is given by the re- 
lations shown in Fig. 5.4 (a). In 
practice, the two points, one on either 
side of the resonance peak, would be 
found at-which the current had 
dropped to the required value, and 
the mean value of Q taken. As an 
alternative method, a resistance Rx 
can be introduced into the circuit and 
adjusted until the peak current with 
it is exactly half that without it. 

Then, clearly, the loss resistance of 
the coil must be equal to Ax (see Fig. 
5-4 (b)). It is possible to devise cor- 
responding circuits, using parallel 
instead of series resonance. The ac- 
curacy obtainable by all the above 
methods is comparable with that ob- 
tained with the A.C. bridge, the main 
disadvantage being that the accuracy 
depends on the calibration of a meter. 
Further difficulties are caused by the 
fact that the current flowing in the 
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Fig. 5.5. Resistance neutralisation circuit. 
coil is 
measurement, 

Resistance Neutralisation 

If a resonant circuit could be con- 
structed using pure loss-free react- 
ance elements, a small electrical im- 
pulse would start an oscillation which 
would persist indefinitely. The same 
effect can be produced in a practical 
resonant circuit if it is possible to 
introduce another component behav- 
ing as a negative resistance of such a 
value that it exactly neutralises the 
total loss resistance of the circuit. 
Any device which draws a decreasing 
current as the supply voltage is in- 
creased has a negative resistance, and 
several electronic circuits are known 
which have negative resistances over 
a limited range of applied voltage. 
For the present purpose, the negative 
resistance has to be adjustable, stable 
and capable of accurate calculation 
from the known circuit constants. 
Although the “‘dynatron”’ circuit has 
been used‘, it is probable that a more 
satisfactory method would be to use a 
stabilised feedback circuit whose 
negative resistance can be made prac- 
tically independent of supply voltage 
fluctuations.’ A parallel resonant 
circuit is most suitable for resistance 











not constant throughout a 
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neutralisation measurements, and the 
‘negative resistance’’ is connected in 
parallel (Fig. 5.5). If now the value 
of the latter is steadily decreased 
from a high value, a point will be 
found at which oscillation will just 
take place (as indicated by some form 
of detector very loosely coupled to 
the test circuit). ‘The loss resistance 
of the coil (neglecting condenser 
losses) is then given by 

I 


wr? Re 
and the inductance can be calculated 
trom the tuning condenser setting 
necessary for oscillation at the test 
frequency. 
Other Methods 

There are undoubtedly other pos- 
sible methods of measurement which 
are not included in the more usual 
ones mentioned above. There is, for 
example, the calorimetric method im 
which the power losses are measured 
directly by the amount of heat pro- 
duced, but a consideration of the 
small magnitude of the quantities in- 
volved in the case of a dust-cored 
coil will show how difficult this 
method would be to apply. A method 
has also been described® in which the 
power factor or ‘“‘loss angle’’ of a 
coil is obtained directly by means of 
a cathode-ray oscillograph, but this 
is not likely to be very accurate for 
low-loss dust-core coils. 
Sources of Error 

It has been shown that all the prac- 
tical methods of measurement involve 
the use of a standard reactance which 
may consist either of an inductor or a 
condenser. Losses in the standard 
reactance cannot be directly distin- 
guished from those in the test coil, 
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Fig. 5.2. (left) Balance conditions for typical A.C. bridge circuits. 


Fig. 5.4. Reactance variation and Resistance variation circuits. 
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THERMOCOUPLE 











Fig. 5.7. ‘* Complete circuit 
diagram of partial substitu- 
tion bridge, showing arrange- 
ment of screens. The resist- 
ance r and differential 
scone < are used to 
hol tl 





DB e Pp trans- 
former so that the detector 
has no influence on the 
bridge balance.” 


(By courtesy P.O.E.E.J.) 
B Osc. 











and they thus introduce errors into 
the measured resistance. In the same 
way, where a standard resistance is 
used, any stray reactance associated 
with it will cause errors in the 
measured inductance of the test coil. 
In addition, of course, further errors 
may be caused by losses in the con- 
necting leads, and stray couplings 
between them, although such errors 
can be minimised by making an ini- 
tial adjustment without the test coil 
and then noting the incremental 
change of reactance and resistance 
when the coil is added (sometimes 
called the ‘‘Partial Substitution’”’ 
method). Let us assume that the Q 
of the standard reactance and resist- 
ance are Qx and Q, respectively, and 
are both constant over the range of 
adjustment involved. © Then, if the 
apparent impedance of the test coil, 
as indicated by the settings of the 
standard components is R; + joLs. 
Then Ri, + joLl: = 
I 
R’ + joL’ + jQ-R: + —— oL,...(3) 
or, since RF’ = R, and Ll’ = LZ, 
: I 











R: + joL; = (R’ + ol’) 
+ j(OL? OR) «00... (4) 
or Rk, + joL, = 
I 
R(1 + ) + joL(1 + ) (5) 


Equation (5) indicates the condi- 


tions for a given percentage error in 
either resistance or inductance mea- 





surements. Suppose, for 
that both errors are not 
1%. 
Then Qx <K 100 Q 

1 
And Q, >/> 100— 


example, 
to exceed 


This means that, if Q is 300, the 
reactance standard must have a Q of 
at least 30,000 and the resistance stan- 
dard must have a Q of not more than 
3. From this it can be seen that it is 
the error in the measured resistance 
which is going to cause the most 
trouble, since it is obviously more 
difficult to construct a standard induc- 
tor or condenser with a Q of 30,000 
than it is to construct a standard re- 
sistance with a Q of }#! 


Accuracy Required 

At firstasight it would appear that 
the above requirements rule out the 
use of an inductor as a standard. This 
is not necessarily true, however, since 
the Q of the reactance standard can 
be allowed to be considerably smaller, 
provided its value is known suffi- 
ciently accurately. In the case quoted 
above, for example, it would be suffi- 
cient if the value of Qs were only 

















Fig. 5.6. Simplified circuit for partial-substitu- 
tion series-resonant bridge with equal ratio 
arms. 
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300, provided it were known to within 
+1%. This condition could be satis- 
fied by an air-cored coil whose appar- 
ent resistance at the testing frequency 
was only 1% above the D.C. resist- 
ance, and, as a result, this method is 
sometimes applied to the measurement 
of dust-cored coils at relatively low 
frequencies. It is possible to build 
standard variable air-dielectric con- 
densers with a Q greater than 50,000, 
but their capacitance is limited to a 
few thousand weF by considerations 
of cost and size. For larger values 
of capacitance, mica condensers have 
to be used, having a Q of perhaps 
3,000, so that coil measurements made 
with such condensers may have errors 
of the order of +10% in the measured 
resistance. For many purposes this 
may be good enough, but much 
greater accuracy is needed in order 
to carry out a detailed analysis of the 
coil losses. The apparatus® described 
in the next paragraph enables a low- 
loss condenser to be used to measure 
a wide range of inductances and gives 
the value of #’ to an accuracy of 
about +1% +0.005 ohm at frequencies 
up to 500 kc/s. 








Typical cores for pot type coils. 





Partial-Substitution Series Resonant 
Bridge 

An equal ratio-arm, series-resonant 

bridge was chosen for the following 
reasons :— 


(1) The fact that it is symmetrical 
with respect to the earthed 
point simplifies the screening 
problem. 

(2) At balance, the ‘‘unknown’’ and 
‘balance’? arms are pure resist- 
ances which are small com- 
pared with the ratio arms. This 
minimises the effect of stray 
capacitances, 

(3) The current in the test coil can 
be controlled and measured 
accurately. 

Fig. 5.6 shows the fundamental cir- 
cuit. The bridge is first balanced 
with switch S closed, and the con- 
denser and resistance settings Ci: and 
Rx noted. A new balance is then ob- 
tained with the switch open, thus 
bringing the test coil into circuit. If 
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SHORT-CIRCUITING BALLAST 





LINK COIL 








Fig. 5. 8. “ Photograph of — yb showing plese ballast coils and a test coil in 





the settings are now Cx: and Ax, then 
ww Me Bid: cin (6) 


I I I 
) heer ak ) bededenes (7) 
wo Cra Crs 


Now, since Cx: must be smaller than 
Cx: it follows that the maximum con- 
denser settings are fixed by the value 
of the “‘ballast coil’? inductance Lo. 
The latter takes the form of a series 
of plug-in coils, one for each testing 
frequency, their inductances being 
chosen so that Cu is always within 
the range of a low-loss tuning con- 
denser. This method has the added 
advantage that errors due to connect- 
ing leads, etc., are cancelled out, and 
also that it is only the incremental 
change of condenser loss between the 
two settings which can affect the 
result. A complete circuit diagram 
of the bridge, including the screening 
arrangements, ‘is shown: in Fig. 5.7 
The screening ensures that all stray 
capacitances are either neutralised or 
placed so that they can be allowed 
for. This point is dealt with more 
fully in an article in the Post Office 





Electrical Engineers’ Journal.* Fig. 
5.8 (reproduced from the article) 
shows the screen assembly with a 
toroidal test coil in position. In the 


original apparatus the test terminals 
consisted of brass cups containing 
mercury, and a small projection on 
the bottom of each cup dipped into a 
third mercury cup which pivoted on 
a lever, forming the switch S. This 
device has since been abandoned in 
favour of a simple plug and socket 
arrangement since trouble was ex- 
perienced due to oxidisation of the 
mercury. 


(By courtesy P.O.E.E.J.) 


Oscillator and Detector 

In conclusion, let us _ conside1 
briefly the auxiliary apparatus re- 
quired with any A.C. bridge. No 
hard and fast rules can be given about 
the design of a suitable oscillator, but 
it should be noted that for a bridge, 
such as that described above, in which 
the balance depends critically on the 
frequency, the oscillator must be ex- 
tremely stable. This applies not only 
to the frequency stability over a 
period of minutes, but also to the 
complete absence of frequency modu- 
lation of the oscillator output by 
mains hum. 
teresting but troublesome effect. If 
the bridge is balanced at the mean 
frequency, then it follows that as the 
frequency varies some leakage must 
occur, and the magnitude of this leak- 
age will vary over the cycle of the 
interfering hum. Thus, it will be 
impossible to find a true “‘null’’ point, 
and the accuracy of the bridge will be 
reduced. In other words, the bal- 
anced bridge converts the frequency 
modulation into an amplitude modu- 
lation. This trouble has been over- 
come by the use of a carefully de- 
signed feedback oscillator. As far 
as the detector is concerned there is 
little doubt that the well-known 
heterodyne principle, applied to 
convert the signal to an audio fre- 
quency beat, gives the best results. 
The frequency-changer should be pre- 
ceded by a tuned H.F. amplifier to 
ensure that distortion produced by the 
iron-cored test coil itself is adequately 
suppressed. Aural methods, particu- 
larly using sensitive headphones, are 
to be preferred to visual ones, since 


The latter causes an in- | 
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the ear is capable of selecting the beat 
tone even in the presence of con- 
siderable interference. 
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ERRATA 

Part 1, para. 3, line 8, 

>, weag Sp’, 

Part 1, table I, heading of last column 
should read ‘‘u,’’ instead of ‘‘u”’ 
and the last entry in this column 
should read ‘‘-1’’ instead of ‘‘1”’ 

Part 2. The first sentence of para. 
headed ‘‘hysteresis loss’? should 
be included in previous para. 

Part 3, p. 192. Correction for self 
capacitance. In column 3 and in 
the curve of Fig. 3.2 f./fr should 
read fr/fo. The vertical scale. of 
Fig. 3.2 should read Q/Q’max in- 
stead of On/ Q's. 


‘tu’? should 
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Aerial Characteristics—IV 
Effect of Ground Losses on Field Strength 


with the effects of ground losses 

on the directional characteristics 
of an aerial. In the case of grounded 
aerials whose length is short compared 
with the wavelength, ground losses 
will in addition have a very serious 
effect on the field strength obtainable 
for a given input power to the aerial. 


The relative calculated field 
strengths of the polar diagrams ac- 
companying Data Sheets 54 and 55, 
were based on the assumption that the 
current in the aerial was not affected 
by the losses in the ground. In prac- 
tice, the presence of the ground will 
alter both the radiation resistance and 
the aerial and therefore for a given 
input power affect the magnitude of 
the aerial current. 


Lye month’s Data Sheets dealt 


Ground Currents 


In the case of a grounded aerial 
clisplacement currents leave the aerial] 
and, after travelling through space, 
finally flow into the ‘ground where 
they become conduction currents. For 
1e case of a homogeneous ground, 

skin effect’’ (see Data Sheet No. 26) 
concentrates these earth currents into 
a layer near the surface of the earth, 
as they flow along radial lines back 
to the base of the aerial. If we start 
some distance from the aerial and 
proceed along an imaginary line 
towards the aerial, the conduction 
current flowing towards the base of 
the aerial is continually being added 
to by additional displacement currents 
flowing into the ground. The addition 
of these currents does not, however, 
necessarily increase the total current 
as all the individual components of 
the conduction currents have different 
phases. 


The best way of illustrating the 
variation of ground currents with dis- 
tance from the aerial is by imagining 
that a cylinder of thickness dx and 
radius x is sunk into the ground so 
as-to be concentric with the aerial (see 
Fig. 1). The total earth current at a 
radius x is equal to the total current 
flowing radially inward across the 
surface of the cylinder. Let this 
current be /x. G. H. Brown has shown 
that for perfectly conducting ground 
the absolute value of /; is given by 

















Fig. 1. Representation of zonal ground 
current by means of a cylinder of radius x. 


I — cosG 
| Ix | = I, —————— when x > 1 


sin G 
cqnanuecn lates (33) 
where as before /, = current at the 


base of the aerial 
Z/X = length of the aerial in wave- 
lengths. 
271 
G =— 
r 
For constant input power we replace 
Z, as before by 
W, 
Rs 
Where W, is the input power to the 
aerial and Rg the Base Radiation 
Resistance, 
Fig. 2 shows the manner in which 
the total ground current varies with 
distance from the base of the aerial 


te 


TS Ree 
for aerial heights of 0, —, —, —, — 
56... 3° £22 


for a constant input power of 1 watt. 
From these curves ‘it will be seen 
that for aerials up to the order of a 
quarter of a wavelength long the 
ground currents are almost constant 
for distances greater than about a 
third of a wavelength from the aerial. 
This implies that for a constant ra- 
diated power, the power lost in the 
ground beyond a third of a wave- 
length is approximately constant as 
Xr 


the aerial length is reduced from — 
4 
to zero. 

At Shorter distances from the aerial 
the current in the ground rises rapidly 
as the aerial length is reduced and 
it is therefore particularly important 
to keep the conductivity of the ground 
high in this region, if excessive losses 
are to be avoided with short aerials. 





[7] = 





D 


I, Poe oe 
"1 + cos*G -- 2cos Gcos| 27 —+———}] J... (32) 
sin G ae ae 


Aerial Loss Resistance 

If instead of a perfect ground we 
assume a ground whose conductivity 
is finite but sufficiently high to main- 
tain. as a first approximation the phase 
and magnitude: of the earth currents 
at their original level, then it is pos- 
sible-to estimate the power lost in the 
ground. The phase and magnitude of 
the ground currents can only be 
assumed to be sensibly independent 
of the conductivity of the ground, if 
the conductivity is sufficiently high to 
ensure that the conduction ground 
currents are many times greater than 
the displacement currents in the 
ground (see Appendix). 


Assuming (see Data Sheet No. 26) 
that the equivalent thickness S of the 
layer in which the: ground currents 
travel (see Fig. 6) is given for a 
homogeneous ground by 

10° 


S= CONS is-gesesin cacscicsneses (34) 





47*uof 

where ? is the frequency in c/s. 
and ¢ is the conductivity in mhos/cm’. 
{the permeability » is usually unity). 

It can be shown that the power 
lost in a zone of the ground formed 
by a ring of thickness S,and width dx: 
(see Fig. 1) is given by 
aw, vA 
- =— watts/metre ......... (35) 
dx 27 x0 S$ 
if the distance x is measured in 
metres or (35) is in watts/cm. if x is 
measured in centimetres. We can also 
express this power loss in terms of a 
resistance referred to the base of the 
aerial. 

















dkx eelr 
= |-—!| ——— ohms/metre ... (36) 
dx 11o| 2ax0S 
when ~# is given in metres. 
Ts 
As is only a function of the 





° 
ratio x/ for a given value of 7/A (see 
equation 32) we can re-write this equa- 
tion in the form 


aR, a x = 
27 (—) 2s} 
x 


i I, 
ohms/metre ...... (37) 
From equation (37) it will be seen that 
the term (A0S) is proportional to 
aRx 











ax 


X3/2e1 /? so that 





axA-*/?7@-7/?... (38) 
ax 








Ground Currents and Ground Losses 


In the case of a }-wave aerial dRx/dx 
has to be transferred to the current 
loop instead of the base of the aerial 
by means of the relation /, = /, sin G. 

On Fig. 3 has been plotted the 
loss resistance of a grounded half- 
wave aerial with a ground of 
average conductivity, i.e., 7=1x10-™ 
e.m.u. or 1 x 10-* mhos/cm®. Two 
curves are shown: one for a wave- 
length of 200 metres the other for 300 
metres; the resistance scale for “other 
conductivities and wavelengths can be 


easily changed by means of equation 
(38) provided the limiting assumption 
is borne in mind. 

From the curves below it will be 
seen that in the case of a grounded 
half-wave aerial the zone of maximum 
transferred resistance per unit length 
occurs at approximately 0.354. With 
a quarter-wave aerial, however, the 

pa 


Io 
x, therefore the maximum transferred 


ratio =1 and is independent of 


resistance zone occurs near the base of 
x 

the aerial and —— decreases inversely 
dx 


x 
with an increase of the ratio (=) 
IN 


The total loss resistance component 
of the aerial due to a finite ground 
conductivity is obtained by integrat- 
ing the transferred resistance per unit 

x 
over all the zones. 





length 
ax 













referred to current loop 


Transferred Resistance per unit lengtn = 

















in Wavelengths 





Fig. 2 (above). 
at a distance x from the base of 
heights, for a radiated power of 


Fig. 3. Distribution of 
ha f-wave grounded aerial, with a 
o=10-4 mhos/cm..? = (10- 


Fig. 4 (right). 
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Fig. 6 Depth of Penetration of ground currents into a homogeneous soil of conductivity 7. The value of S 
gives the depth at which the current is .368 of _ — — At a depth 45 the current is only 2 per cent. of 
its surface value. 
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Buried Wire Ground Systems 


In Part II Data Sheet No. 53 it was 
shown that for the case of a perfect 
ground (infinite conductivity) the 
radiated field strength at one mile for 
one watt input, did not drop appre- 
ciably by reducing the aerial length 
from a quarter wavelength to very 
small dimensions. The reduction in 
aerial length is, however, accom- 
panied by a rapid drop’in the radia- 
tion resistance, and with a finite 
ground conductivity a stage can soon 
be reached when the _ radiation 
resistance becomes small compared 
with the ground losses expressed as 
a transferred resistance at the aerial. 
The above effect is particularly 
marked in the case of short grounded 
aerials. 


The effect of ground losses due to 
poor conductivity can be reduced by 
the use of either a counterpoise ground 
system or a system of buried wires. 
The latter system is in universal use 
in the case of broadcast stations and 
consists of a number of equally-spaced 
radial wires buried near the surface 
of the earth. The ratio of the current 
-in the ground to the current in the 
wires is given by 


I, 120 x7? an 
—Zj {=| (io. — (—) - os] 
Fe r n T x 


where j = V—1 





\ = wavelength in metres 

¢ = ground conductivity in 
mhos/cm* 

a = number of equally spaced 
radials 

a = radius of wires in ground 
system 


7» = current.in single wire x 
number of wires. 


From the above expression it will be 
seen that the earth current proper 
leads the current in the wires by 90 
electrical degrees. 

The current actually flowing in the 
earth expressed in terms of the total 
earth current is then given by 





“| (a+ Tells! 
While with the buried wires the cur- 
rent distribution in the ground will 
not be identical to that with the wires 
absent, if we assume that the change 
in distribution is small we can re- 
write equation (35) as 


aw. . 





dx 27x0S 


1.f 


I, 


of i? 


lol  27x0S 














Power Losses 


Fig, 4 illustrates the distribution of 
the power lost per unit length for a 
grounded quarter wave and eighth 
wave aerial above a ground with a 
conductivity of 2 x 10-“ e.m.u. or 
2 x 10-° mhos/cm* with an earthing 
system of 15 wires 0.4 wavelengths 
long. The curves are drawn for a 
radiated power of 1 watt and a wave- 
length of 100 metres. The area under 
the curves represents the power lost 
in the ground, in the case of the quar- 
ter wave aerial this is 45 per cent. of 
the radiated power while for the 
eighth wave aerial 74.5 per cent. of 
the radiated power is lost in the 
ground. With the ground system in- 
increased to 113 radial wires each 0.4 
wavelengths long the power lost in 
the ground system is negligible. 




















While long radials are: beneficial in 
reducing ground losses when a large 
number of radials is employed, little 
benefit will be derived by the use of 
unduly long wires when the number 
of radials is small. The reason for 
this will be evident from Fig. 5 where 
the shaded area represents the ground 
area serviced by each radial. As we 
proceed away from the aerial the 
boundaries of the shaded zone become 
more and more distant from the radial 
wire and therefore less of the total 
zonal earth current flows in the wire. 
The smaller the number of radials the 
shorter the radial wire required to 
reach the stage when any further 
increase in length will produce little 
extra current flow due to the exten- 
sion. 

The quantitative effect of radial 
length can be obtained from equation 
(39) and the reader is referred to the 
paper by Brown Lewis and Epstein 
where a great deal of information is 
given on the effect of various ground 
systems on the radiated field strength 
and aerial resistance for grounded 
aerials up to a quarter of a wave- 
length long and frequencies up to 3 
megacycles/sec. 


APPENDIX 

The previous analysis is limited by 
ignoring the ‘displacement current in 
the ground in considering the depth 
of penetration of the earth currents 
in the ground. The assumption limits 
the maximum frequency and dielectric 
constant, for any given ground con- 
ductivity, for which the simple theory 
is applicable. 

Smith-Rose has given the following 
expression for the amplitude of the 
ground current |/,| at a depth ‘‘s” 
below the surface in terms of the am- 
plitude of the ground current /. at the 
surface :— 








j/s s 
= exp, —(20 —)p ...:-.000... (42) 
i! rx 
:. FEE. «x 
where p-~q{(——+) — —— (43) 
f 40° 2 


where X and ¢ are in e.s.u. and #=1. 
Expressing again the depth of pene- 
tration s as the value of S required 
to reduce the current to 1/e of the sur- 
face value we have 








of K*f K 
27 —( }. ') Sn evs (45) 
i \ 40 2 


(The conductivity in different equa- 
tions is given in whatever system of 
units that makes for a least cumber- 
some expression. It is hoped that the 
provision of the conversion table in 
last month’s issue will avoid any con- 
fusion. 1 e.s.u.=c?x10-*° mhos/cm’ 
=9 x10". mhos/cm’). 

In Fig. 6 are plotted a series of 
curves giving the depth of penetration 
for homogeneous soils of various con- 
ductivity as calculated by equation 
(34). In addition the depth of penetra- 
tion for two types of soil calculated 


by equation (45) are given for 
comparison. 
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Simplifying Symbols 
Proposals:for a Simplified Universal Method of Drawing 
Radio Circuits and Symbols 


By D. S.B. SHANNON, M.Brit.LR.E. 


his nationality, the theoretical 

circuit diagram is an international 
short hand for conveying radio ideas 
and knowledge. Certain symbols vary 
slightly in different countries, but the 
general fundamental principle remains 
the same, and can be understood by 
all those versed in the art. Even 
though they do not speak the same 
language, each can convey to the other 
his ideas by means of a few symbols 
sketched roughly on a piece of paper, 
and although the symbols may differ 
in detail from country to country the 
meaning. as a whole is clear. An 
American engineer may depjct:a valve 
thus, WW: a British engineer may 
show the same valve this 
way, and a French may show it 2) 
like this, all slightly different but 
perfectly clear in meaning to 
the radio engineer, 

A resistor is shown in some conti- 
nental’ countries thus ~vu-, and in 
Great Britain and America like this 
-_wee, but both convey the same mean- 
ing when incorporated in a theoretical 
circuit diagram. 

But has one considered the radio 
draughtsman’s side of the picture? 
The research engineer usually presents 
him with a rough sketch of the pro- 
posed circuit, and the draughtsman is 
left to interpret the rough symbolic 
sketch in a neat working blue print. 
The engineer can diagram his circuit 
in a matter of minutes, and he may 
use a number of variations of the sym- 
bol code, but the draughtsman may 
take several hours, or even days, to 
produce a neat circuit layout 

For some considerable time the 
author has given a great deal of 
thought to this problem of circuit dia- 
gram simplification, and now believes 
he has evolved a method of circuit 
drawing which, if adopted, could be- 
come an internationally accepted stan- 
dard with advantage to all concerned. 
The engineer, of whatever nationality 
he may be, may still produce his 
rough sketch, using if he likes the 
present variations of symbols, but the 
draughtsman who puts the sketch into 
its final form will have his time cut 
down by an enormous extent, and all 
final drawings will be produced to one 
standard symbol code, easily under- 


Tn the radio engineer, whatever’ 


stood at a glance by any radio en- 
gineer. 

Previous attempts at standardisa~- 
tion still involved the draughtsman in 
unnecessary work. The main items in 
terms of time loss are the use of the 
compass, and the formation of the 
valve grid symbol, which is usually 
written as a series of short lines or 
dots or a zig-zag line (American prac- 
tice). Actually, the zig-zag line is more 
easily drawn than the dotted form of 
grid symbol, and some may even pre- 
fer it to the type the author is about to 
suggest. The dotted symbol, although 
apparently very simple looking, - - - -, 
involves the draughtsman in_ three 
or four separate operations, i.e., he 
must lift his pen three or four times 
from the drawing, and in the case of 
a multigrid valve such as the Triode- 
Hexode or the Octode, the drawing 
of the grids alone involves at least 
fifteen to eighteen separate movements 
of the pen, whereas, it will be seen 
later, the author’s method cuts this 
operation down to five movements for 
a Triode Hexode and six for an 
Octode valve. It will also be shown 
that compass movements can be elim- 
inated and the whole circuit drawn 
by vertical, horizontal, and diagonal 
lines, thus confining the drawing 
tools to T squares and set squares and 
a pen or pencil. 

Let us take as the first example the 


Triode Hexode valve, Fig. 1 showing 
the conventional symbol. Thirty-eight 
pen movements are required to form 
this symbol, consisting of 7 compass 
movements (heater and envelope cor- 
ners), 7 vertical lines, 21 horizontal 
lines and 3 diagonal lines. Fig, 2 
shows the same symbol drawn to the 
author’s method, the pen movements 
being reduced to twenty-two lines con- 
sisting of 5 vertical lines, 8 horizontal 
lines and g diagonal lines. No com- 
pass is required, yet the symbol remains 
substantially the same. Fig. 1a and 
2a illustrate the same methods applied 
to the Octode valve with a similar sav- 
ing of operations and time. Fig. 3 
a, b, c, d, e, f illustrates a further 
expansion of the scheme. Fig. 3a 
shows a metallised envelope with an 
independently heated cathode. The 
metallising is denoted by the bottom 
horizontal line of the envelope. _ Fig. 
3b shows the same arrangement with 
an unmetallised envelope, denoted by 
omitting the bottom line of the en- 
velope. Fig. 3c shows a metallised 
envelope containing an independently 
heated variable-mu screen grid valve; 
the variable-mu characteristic is de- 
noted by a diagonal line drawn from 
corner to corner of the envelope. Fig. 
3d shows an independently heated 
metallised triode. Fig. 3e shows a 
directly heated unmetallised triode; the 
“ unmetallising ” is denoted by omit- 
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ting the bottom line of the envelope 
between the filament legs, and Fig. 3f 
shows an unmetallised independently 
heated duo-diode-triode. 

The foregoing examples illustrate 
very well the basic simplicity of the 
scheme. These basic principles, of 
course, apply to all types of valves 
from diodes to multigrid and special 
types. Fig. 4 shows a number of 
typical valves drawn conventionally and 
compared with the equivalent new sym- 
bol, also special types such as bar- 
retters, magic eyes, neon tuning in- 
dicators, etc. 

Before dealing with the other types 
of symbol, such as chokes, trans- 
formers, resistances, etc., let us refer 
to the method chosen to illustrate the 
grid. As already stated, the dot 
method has definite disadvantages. The 
zig-zag method is a little easier to 
draw, specially when drawing free- 
hand, but when drawing on the board 
it still involves more-work than is 
necessary. The diagonal line method 


now suggested was therefore finally was at first intended to use the con- 
decided upon as being the most simple tinental ‘‘ square loop ”’ method of 
solution to this problem, and if drawn illustrating a resistance as the new 
with a slightly thinner stroke than symbol for inductance, but on second 
the anode no confusion as to its mean- thoughts it was realised that this would 
ing is likely to arise. It is both neat be liable to cause confusion, particu- 
and simple, and a great time-saver. larly among continental engineers. 
With regard to the other symbols, Figs. 5 and 6 illustrate the alterna- 
the method of illustrating capacity tive methods which might be used. 
does not in.the author’s opinion, re- Fig. 5 is less likely to be confused 
quire improvement, and to avoid con- with the present symbol for resistance. 
fusion the zig-zag resistance symbol is Chokes and transformers would also be 
retained, although a more simple drawn, using the Fig. 5 and 6 method 
method might be used: for example, with the addition of the conventional 


a very tapered triangle, thus lines denoting the use of iron cores. 
— Fig. 7 a, b, c, d denote the new 
and @ potentiometer would lp shown symbols for inductance; Fig. 7a, 


by attaching the conventional arrow . : : 
to the sola of the triangle herewith ‘COUP oo samctanes; Fig 7 ee 
d i anil cored low frequency choke; Fig. 
Readers an , 7c, high frequency choke, and 
may care to offer further suggestions Fig, 7d, audio frequency or power 
for an improved resistance symbol. transformer. The latter may be, of 
We now come to the question of in- course, shown with voltage tappings 
ductances and transformers, which in the usual manner when necessary. 
involve the draughtsman in a consid- Fig. 7a may be shown as a single 
erable amount of compass work. It inductance,tuned or untuned by a vari- 
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connexion; here, again, it will be 
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It rained in 1820 


A HUNDRED years ago there died a man whose invention 
rendered the British independent of their .climate! By 
this signal service to humanity, Mr. Charles Macintosh 
earned for himself a very special kind of immortality. 
His name has become part of our language. 

Early in this century, another important man, Dr. Leo 
Hendrick Baekeland, gave his name .to a material 
invented by him, and ‘Bakelite’ began the career which 
was to bring it into common use in a million homes. 
Bakelite has long been associated in the minds of most 


‘people (often quite erroneously !) with a vast number 


of household articles, but its wider value as a vital 
feature of industrial production is only now becoming 
fully realised. To-day Bakelite Plastics are playing 
an increasingly important part in wartime industry, 
with results which will be widely reflected in post- 
war uses. 

Bakelite Limited, anticipating the future, are making 
Their 
industrial designers will be glad to help manufacturers 


a close study of possible post-war trends. 


who feel that Plastics may help them to meet the 
new conditions and developments of post-war years. 


BAKELITE LIMITED, 18 GROSVENOR GARDENS, LONDON, s.W.I 


TREFOIL 


BAKELITE © PLASTICS 


REGD. TRADE MARKS 


Pioneers in the Plastics World we 
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It’s of no great consequence where 
he has gone, or what he is doing. 
He is merely No. | on the list. 
When the remainder of his kind are 
disposed of, we shail again be at 
your service with our decade of 
experience. Meanwhile, we are 
doing our bit to assist in bringing 
the present struggle to a victorious 
conclusion. Our services are 
available on any variable resistance 
problem to this end. 


RELIANCE 
Manufacturing Co. (Southwark) Ltd. 
Sutherland Road, Higham rey 

* 2 


Walthamstow. 
Telephone—Larkswood 3245 
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Where meters are inserted in a cir- 
cuit the square formation of the case 
may be used to avoid the use of a 
compass (see Fig. 20), again saving 
time by avoiding the change from one 
drawing instrument to another. 


Figs. 12 and 13 are two skeleton 
circuit diagrams of a modern broad- 
cast superheterodyne receiver. For 
the sake of simplicity and clarity, the 
circuit has been shorn of complications 
such as wave-band switching, filters, 
R.F. and additional I.F. stages, nega- 
tive feed back, etc., and is intended 
purely to illustrate the new circuit dia- 
gram drawing in comparison with the 
conventional method. 


Another example where an improved 
method of depicting symbols shows to 
advantage, is in the case of the Mul- 
lard-Phillips secondary emission valves 
known as types T.S.P.4 and E.E.50. 
Fig. 14 shows the pneciettentce? sym- 
bol for this type of valve. If we read 
the symbolic diagram as _ literally 
shown it would appear that the sec- 
ondary cathode is placed between the 
anode and the screen grid. This, of 
course, is not so in the physical con- 
struction of the valve, as will be seen 
from Fig. 15. 

In actual construction the anode is 
placed between the screen-grid and the 
secondary cathode, half the anode be- 
ing in the form of a grid structure, 
and the other half being of solid plate 
construction. 


Fig. 16 shows the author’s proposed 
symbol drawing for this type of valve, 
which gives a more symbolic picture 
of the physical electrode construction, 
and the reader is more clearly. able 
to visualise the passage of the elec- 
tron stream from the primary cathode 
to the secondary cathode, and the 
secondary emission path to the anode. 


Other types of electron multiplier 
symbols are suggested in Figs. 17, 18, 
19. Figs. 21 and 22 illustrate a 
Thyratron or gas discharge triodes 
and a photo-electric cell respectively. 


In conclusion, whilst admitting that 
the new scheme suggested is open to 
further improvement and enlargement, 
it will no doubt be agreed that the 
basic principles here suggested would 
greatly simplify circuit drawing. par- 
ticularly, as already mentioned, from 
the draughtsman’s point of view. 
From recent correspondence in the 
technical journals it would appear that 
the author is not alone in thinking 
that the time has arrived for over- 
hauling the older methods of circuit 
drawing which have held sway for 





very many years. 


December, 1943 


December Meetings 
Institution of Electrical Engineers 
Wireless Section 

The next meeting will be held on 
December 1, at 5.30 p-m. Papers will 
be read by 5 Littler, Ph.D., M.Sc. 
on ‘Electrical Hearing Aids,” and 
also by C. M. R. Balbi on “‘A Basis 
for the Prediction of Performance of 
Hearing Aids.”’ 

Students’ Section 

The next meeting will be held on 
December 15, at 6.30 p.m. The ad- 
dress will be given by Mr. K. J. 
Easton on ‘Electrical Iransmission 
of Sound.” 

North-Western Centre Wireless Group 

A meeting of the above Group will 
be held at the Engineers’ Club, Albert 
Square, Manchester, ,\ on Friday, 
December 10, at 6 p.m. A paper on 
“Amplifying and Recording Tech- 
nique in Electro-Biology with special 
reference to the Electrical Activity of 
the Human Brain’’ will be read by 
Messrs. G. Parr and W. Grey Walter. 

Institute of Physics 

On December 10, at 6 p.m., a meet- 
ing will be held at the Reid-Knox 
Hall of the British Institute of Radio- 


logy and Rontgen Society, when 
E. H. Rayner, M.A.,  Sc.D., 
M.I.E.E., F.Inst.P., of Messrs. 


General Electric Company, Ltd., will 
give a lecture on ‘‘The Electron 


Microscope,’”’ after which the meeting ° 


will be open for discussion. 
Brit. 1.R.E. : 

The next meeting of the above will 
be held on December 15, at 6.30 p.m., 
at the Institution of Structural En- 
gineers, 11 Upper Belgrave Street, 
London, S.W.11. A paper on 
“Selective Methods in Radio Recep- 
tion,’’ will be read by E: L. Gardiner, 
B.Sc. 

R.S.G.B. 

A meeting will be held on Decem- 
ber 18, at the I.E.E., when a lecture 
will be given by R. "L. Smith Rose, 
D.Sc... FAD, MLE. Bi.C., 
A.R.C,S., entitled ‘‘Measurements in 
Radio Experimental Work.’’ The 


Annual General Meeting is convened 


for 2 p.m., » and the lecture will follow. 
for Scientific Photography 

On Deveisber 18, at 2.30 p.m., a 
display of scientific apparatus will be 
held jointly with the Scientific and 
Technical Group of the Royal Photo- 
graphic Society. The meeting will 
be at the headquarters of the Royal 
Photographic Society, 16 Princes Gate, 
London, S.W.7. Tickets of admis- 





. sion may be obtained from the Editor 


of this journal, 43 Shoe Lane. 
British Kinematograph Society 
On December 15, at 6 p.m., the 
Presidential Address will be given by 
A. G. D, West, M.A., B.Sc., F.R.P.S. 
The subject will be ‘‘Modern Physics 
and Kinematography.”’ 
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The C,-R. Tube in Mechanical Testing (Concluded from p. 280.) 


used for the direct measurement of 
accelerations. A very important fea- 
ture results from the fact that the 
piezo electric phenomenan is reversi- 
ble. With suitable excitation the 
quartz crystal can be used as a 
generator of mechanical oscillations. 
By increasing the frequency to ultra- 
sonic range the vibrations acquire 
directional characteristics and form a 
beam which is normal to the surface 
to which it is applied. The resulting 
waves suffer reflection when passing 
from one medium to another of dif- 
ferent density—it is almost complete 
reflection between a solid air inter- 
face—and can thus be applied in test- 
ing for flaws within materials. Often 
when examining small specimens the 
method of relative timing of the 
waves is used. When using the 
echo-sounding principle the excitation 
is obtained by means of a _ pulse 
generator and the quartz crystal 
itself can be used as a detector of 
these waves. 

Rochelle salt is really less adapt- 
able for, application in mechnical 
tests, but because of its much greater 
sensitivity it has been used in certain 
static tests, such as surface analysis. 
It is mechanically less stable and 
loses sensitivity with temperature, it 
is subject to fatigue and hysteresis, 
and, finally, its response is not pro- 
portional to pressure. 
Magneto-Striction 

When a mechanical stress is ap- 


plied to certain magnetic materials, 
chiefly nickel, nickel-iron and cobalt- 
iron alloys, their magnetic charac- 
teristics are altered. This type of 
device is not much used because of 
the following disadvantages: It is 
subject to eddy-current and hysteresis. 
The former is reduced by design and 
the latter by subjecting.-the element 
to an intense A.C. field before use. 
When under tension the law of varia- 
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a. 
Fig. 7. Asectional view of the Cossor-Dodds 


capacitance sparking plug type Pressure Unit 
for Engine Indicator work. ; 


tion is sensibly linear. It saturates 
rapidly under compression and pos- 
sesses reduced sensitivity under hydro- 
static pressure and a non-linear law.. 


Conclusion 

It is clear from the above survey 
that a high degree of finality suffi- 
cient to meet all practical require- 
ments can to-day be obtained with a 
cathode-ray oscillograph, or more cor- 
rectly, the indicating and recording 
section of the electronic equipment 
required for mechanical investiga- 
tions. 

Although theoretically it is possible 
with present-day technique to realise 
the same degree of finality with the 
pick-up device and associated appara- 
tus, this stage has not yet been prac- 
tically achieved and is therefore not 
yet obtainable, 


As a result the application of the 
cathode-ray oscillograph and _ the 
choice of a suitable pick-up device to 
a given problem is still a matter 
which requires considerable circum- 
spection. Even though the choice 
could be determined on_ technical 
grounds alone, in practice it is much 
more dependent on the type otf 
cathode-ray instrument available, the 
facility or otherwise of designing uo: 
making the necessary auxiliary ap- 
paratus, and, above all, the mechan- 
cal and electrical difficulties in the 
design and application of the pick-up 
device itself. , 








A “ Slow-Motion” Oscillator for Class Demonstration 
By C. H. BULMAN* 


of apparatus was constructed to 


sie following very simple piece 
demonstrate the nature and the 


phase relation of the _ currents 
present in an _ oscillatory circuit 
when such a circuit is included 
in the anode eircuit of a_ valve, 
the valve supplying the power 
to maintain the oscillations. Such 


a circuit has hundreds of applications 
in radio practice, but under working 
conditions the oscillations take place 
at a speed almost beyond human com- 
prehension. By using very large 
values of inductance and capacity, 
however, it is possible to slow up the 
process to about half-a-cycle per 
second instead of several million 
cycles per second. Under these con- 
ditions students are able to examine 
the slowly rising and falling currents, 
their magnitude and phase relation, 
by means of ordinary measuring in- 
struments. The effect of changes of 
the inductance or capacity upon the 
* St. Helen's Technical College 





frequency can also be clearly observed 
since the frequency is slow enough to 
be counted by watching the meter de- 
flections. By adding a cathode-ray 
oscilloscope, as shown in the diagram, 
the spot will be seen to slowly trace 
out the shape of a sine curve when 
the slowest time-base setting is used. 
This will help to demonstrate ‘the 
principle of the oscilloscope very 
clearly since the frequency of oscilla- 
tion is too slow to produce the optical 
illusion of a continuous trace. 

In order to obtain a very large 
inductance with a value in the region 
of 100 henrys, two commercial inter- 
valve transformers were used with 
all the windings in series. Natur- 
ally, care must be taken to see that 
the windings are so connected to assist 
one another. Any other form of in- 
ductance would do equally well. 

The meter measuring the circulat- 
ing current in the oscillatory circuit 
7. must be an A.C. milli-ammeter with 
a range of 0.20 milliamps, and the 
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angde current (/.) meter has a similar 
D.C, range. 

Both meters should be mounted 
close together to facilitate their de- 
flections being watched simultane- 
ously. 
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High Frequency Therapy 
Part [V.—The Electric Field in a Dielectric 
by W. D. OLIPHANT, B.Sc., F.Inst.P.* 


E have already studied the 
\ phenomenon of __ dielectric 

polarisation and the configura- 
tion of the lines of force in a simple 
condenser made up of two electrodes 
completely surrounded by air. It is 
now necessary to investigate in some 
detail how the electric field distribu- 
tion is affected by the insertion of a 
complex dielectric medium into the 
condenser field. 
Electric Induction or Displacement 

Take a simple parallel plate con- 

denser of separation d and consider 
what happens when the dielectric 
medium is firstly air and secondly a 
substance of dielectric constant e. 
(The dielectric -constant for air is 
taken to be unity.) Assume unit cross- 
sectional area and let V be the poten- 
tial difference between the electrodes 
and o, be the surface density of elec- 
trification. Then we have for the air 
condenser : 
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Maintaining the same potential dif- 
ference, the dielectric medium of con- 
stant € is now inserted between the 
electrodes, and we assume for all 
practical purposes that an infinitesi- 
mally thin air-gap exists between the 
surface of the electrodes and the boun- 
dary surface of the dielectric, a con- 
dition which may be assumed even in 
the case of a gaseous medium. We 
have seen that the dielectric will be- 
come polarised and the boundary sur- 
faces will therefore acquire charges of 
density —P on the surface next to the 
positive electrode and +P on the sur- 
face next to the negative electrode 
as shown in Fig. 1. 

These polarisation charges - will 
induce equal and opposite charges on 
the electrodes thus increasing their 
surface charge density which will now 
become o, where’ 

oo, = 





* University of St. Andrews. 
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Fig. 2. 


Now o,; = ¢€.0, and so from (1) we 
can write 

€.0; 
V 

or 6.—— = —— + P 

47d 47d 

from which we get 
P 

1+ 47,— = 
E 


o, + P 
V 


¢= t hiaTK, 3.0003. (3) 
where X is known as the electric sus- 
ceptibility of the medium and is equal 
to the ratio of the polarisation to the 
applied field. 

Multiplying (3) by £ we get 

eLE=E+47P = 

where D is the dielectric displacement 
or electric induction in the medium. 

From the foregoing, it is easy to see 
how, when the electrode difference of 
potential is maintained constant, the 
effect of introducing the solid dielec- 
tric in place of the air is to increase 
the charge on the plates. On the other 
hand, if the electrode charges are 
maintained constant, then the inser- 
tion of the-dielectric is associated with 
a reduction in the potential difference. 


Refraction of Lines of Electric Force 

In any composite dielectric the lines 
of force must pass from one medium 
to another, and it is necessary to deter- 
mine the law which governs the pas- 
sage of lines across an uncharged in- 
terface between two dielectric media. 
There are threé cases which will now 
be considered in tufn. 


Case.1. Applied field parallel to 
interface. 

Consider the interface AB shown in 
section in Fig. 2 between two isotropic 
media of dielectric constants ¢, and « 
and let the fields in each medium be 
E, and E:. Take any two equipoten- 
tial: surfaces S: and S: normal to the 
interface and distant dx apart. These 
surfaces are parallel and the potential 


difference between them in the first 
medium is £idx¥, and in the second 
medium is E:dx. Now these must be 
equal, and so £, must be equal to £, 
In other words, we have established 
the first boundary condition that the 
tangential component of the electric 
intensity is continuous across the 
interface. 


Case 2. Applied field normal to inter- 
face. 

The arrangement in this case is 
shown in Fig. 3, and we_ here 
consider a small closed surface whose 
ends are of equal area a and are 
parallel to the interface, and whose 
sides are normal to it. On applying 
Gauss’s Theorem to this surface, and 
bearing in mind the fact that no 
charge exists on the interface, we get 
that 

é£, = @&, or Dy = Da 

We have thus obtained a second 
boundary condition in that at any 
point on an uncharged interface the 
normal component of the electric dis- 
placement is continuous. 
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Fig. 3. 


Case 3. Applied field at any angle 
‘to interface. 

This is the general case and depends 
for its solution on the application of 
the two boundary conditions already 
established. It is at once evident that 
for the above conditions to apply, the 
lines of force must be bent or refracted 
on traversing the interface. 
shown in Fig. 4. 


The boundary conditions are -satis¢ — 


fied when 
EE: sin 6, = E: sin 6, 
and 


Dz cos 4: Dz cos 9 


This is — 
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whence we obtain 
€; cot @; = €; cot 9 ............ 5) 

Furthermore, since the parallel 
components are in the same direction 
in each medium, £, and £; are in the 
same plane normal to the interface. 
It is interesting to compare the re- 
fraction of electric intensity with that 
of light. In the former case the elec- 
tric lines are bent away from the nor- 
mals at the points of incidence at the 
interface on entering the denser 
medium (higher dielectric constant), 
while in the latter case the rays of 
light are bent towards the normals on 
entering a denser medium (higher re- 
fractive index). The equation corre- 
sponding to (5) for optical refraction 
were # is the symbol for refractive 
index is 

#: sin 6, = fy sin 42. 

Simple Examples of Electric Refraction 

In Fig. 5 we have the field con- 
figuration associated with a point 
charge g which is situated in front of 
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adapting the method .for electric 


images it is possible to determine the 
actual resulting field distribution 
which may be briefly summarised as 
follows. Let the point charge be 
situated in a dielectric medium of con- 
stant €, and distant a from the boun- 
dary surface of an infinite dielectric 
medium of constant ¢. The field in 
.the first medium is drawn from a 
system made up of the original charge 
and its virtual image in the second 
medium. This image is situated as 
far behind the boundary surface as. its 
object charge is in front and is of 
magnitude 

(e, — €:) 

9g. 

(€: + €2) 

The field in the second medium is 
that which would be produced by re- 
placing the original charge by one of 

2€; 





. gq. In this latter 
4: + & 

case the lines will be linear and will 

be radial with respect to the charge 

position. 


magnitude 
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Fig. 5. 


The actual field due to the original 
charge is thus a combination of the 
two portions and it will be found that 
the angles which the lines make with 
the normals to the boundary surface 
are in accordance with Eqn. (5s). 

Another case which is readily cal- 
culable is that of a homogeneous di- 
electric sphere of radius a and dielec- 
tric constant ¢, placed in a medium of 
dielectric constant €, in which there 
originally existed a uniform field of 
strength Zo. 

It is found that the field within the 
sphere is uniform and is equal to 


362 ) 
& + 2€ 
3 
value — Z, for €& >> €, and becomes 


2 
very small if ea << 4. 


The field outside the sphere is that 
which would be produced by a dipole 
situated at the centre of the sphere and 
of calculable moment. 

The field configuration is shown in 
Fig. 6 and again equation (5) is satis- 
fied at the surface of the sphere, 

Many other solids of revolution lend 
themselves readily to mathematical 
treatment and their solutions are of 
great value to the research worker. 
In therapeutic work, however, one 
must satisfy oneself with a knowledge 
of the fundamentals and apply them 
as well as possible since the dielectric 
“bodies”? are by no means regular. 


Field Configuration as a Function of Electrode 
Arrangement 


In successful clinical practice it is 
a necessary condition that the field 
density be a maximum within the 
affected organ or part of the body 
which requires treatment. This is 
achieved hy suitable choice of elec- 
trodes and by so placing the body with 
respect to them that the desired field 


. E. which approaches the 
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concentration is produced, the heating 
effect being proportional to the square 
of the field strength. In view of the 
heterogeneous nature of the human 
body, it is only possible to approxi- 
mate to the correct desired field distri- 
bution, but by taking the very simple 
case of a homogeneous and regular 
body it is possible to develop certain 
basic rules. 

If we consider first of all the field 
between a pair of similar-sized and 
planar electrodes, then it is well 
known that the field is uniform and a 
maximum at the centre. The inser- 
tion of a body placed symmetrically 
with respect to both electrodes Wil! 
thus ensure maximum heating in the 
central zone between the electrodes. 
With adequate separation (that is to 
say, with a suitable air gap) depth of 
heating and homogeneity of the field 
is ensured. If the electrodes are un- 
evenly placed with respect to the body, 
then concentration of energy would 
take place at the nearer electrode, 


s &, 


—_—_—_—— 








€, 











Fig. 6. 


while if the separation were reduced, 
but maintained equal, concentration 
would take place on the body surfaces 
adjacent to both electrodes. The 
presence of a piece of ‘metal between 
the body and one of the electrodes 
would'bring about enormous field con- 
centration in its vicinity with conse- 
quent serious burning of the patient. 
It is thus of vital importance that the 
patient be searched for any metal 
objects either in the make-up of the 
clothing or in the pockets before treat- 
ment is started.. 

If it is desired to bring about con- 
siderable superficial- concentration of 
heat, then resort is made to a smaller 
electrode which is used at small 
separation in conjunction with a larger 
electrode placed at greater separation. 
The use of too small electrodes brings 
about a superficial concentration in 
very large bodies, the field density 
being considerably greater at the sur- 
face than in the centre of the body. 

In the transverse or lateral’ treat- 
ment of, say, a limb, we have a choice 
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TABLE | 
Material ; Specific Resistance (ohm cm.) 

Blood src ee 200—300 
Urine (human 38—180 
Pus (dog) 520 
Bile (rabbit) 65 
Skin (rabbit) 11,000 
Heart (horse) 600—900 
Brain (dog) 900—1 ,000 
Bone (frog) 2200 
Liver (frog) 220 
Muscle (striped, dog) .. 1,100—2,000 
Muscle nenees, dog) 200—600 
Nerve (ox) a 150—260 
Protoplasm 126—800 
Serum (ox) 75—125 











of two possible methods. If we wish 
to work with fairly small separation, 
then for even distribution of the field 


‘it is necessary for the electrodes to be 


shaped approximately to the part 
under treatment. These electrodes 
should not be too large as otherwise 
the edges will come close together 
with resulting field concentration in 
that vicinity. If it is desired to use 
planar electrodes, then the separation 
must be much greater, and the result- 
ing field diagram would be similar to 
that shown in Fig. 6. With too close 
spacing in this latter method, concen- 
tration would take place on the limb 
surfaces close to the electrodes while 
the internal heat distribution would 
be very uneven, being a maximum 
across the centre of the limb, 


In the treatment of a small part of 
a large body, the electrodes being 
thus relatively small and placed more 
or less side by side, it is essential to 
ensure that they are not so placed 
as to create field concentration in the 
region between the adjacent electrode 
edges. Electrodes placed on one side 
of a body obliquely to each other will 
bring about energy concentration in 
the region of the body between the 
nearer edges. 

In the treatment of irregularly 
shaped bodies such as the head, or 


when the surface of the body is covered . 


with pimples and furunicles, it is neces- 
sary to work with wide separation to 
avoid bringing about excessive field 
concentration at the points near the 
electrodes. This at the same time 
ensures a uniform heating effect at 
greater depth. Another example of 
this body point effect would be in the 


simultaneous lateral treatment of both 
knee joints. In this case the elec- 
trodes would be placed outside the 
joints and great concentration would 
occur on the insides. This is over- 
come by making the pdtient grip a 
towel or rubber pad between the knees 
during treatment, thus producing the 
necessary body continuity for a 
uniform field. 


The Electrical Properties of Biological 

Materials 

The two electrical quantities which 
we are primarily interested in are 
specific resistance (or conductivity) 
and dielectric constant. We will see 
later how these quantities taken in 
conjunction with frequency define the 
energy absorption which will take 
place in the material. In determining 
the values of these quantities experi- 
mentally we are faced with many diffi- 
culties. Each biological material in 
itself is subject to wide variation in 
its structure; the mode of preparation 
will affect the measured values, and 
at high frequencies the containing 
membrane will contribute a_ very 
marked effect. Furthermore, the 
values will depend on whether or not 
the material is being examined by 
itself or in .conjunction with other 
bodily functions. The subject is open 
to a vast amount of research, and we 
must not lose sight of the fact that 
malignant as well as healthy condi- 
tions of the body come within the 
scope of the subject. 


The experimental values for the 
above quantities have been taken from 
Grundriss der Kurzwellentherapie, by 
by W. Holzer and E, Weissenberg, 








TABLE Ii 
Material Am Dielectric Constant 
Water ... ax. anh 2.8 78.54 
Brain... iis wis 2.81 78.54 
Liver 2.75 75.95 
Spleen 2.78 77.6 
uscle 2.78 76.6 
Kidney . 2.76 76.2 
Kidney, fat 1.16 13.6 
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and are contained in the tables given 
on this page. 

In Table I is given a selection of 
biological materials and the values of 
specific resistance are given for 
measurements made over a range of 
frequencies of from 10* to 10° cycles 
per second. 

The outstanding feature of the 
above table is the wide range of values 
covered not only for the various mate- 
rials between themselves, but also for 
any ong given material. In _ proto- 
plasm, for example, we have values 
ranging from 126 to 800 ohm cm. It 
must also be remembered that there is 
a very marked variation with change 
of frequency. 

The human body consists both of 
electrolytes and dielectrics and the 
tissues may be taken as being made 
up of resistances and condensers con- 
nected in series and parallel. The 
effective capacitance is dependent on 
the dielectric constant which for an 
electrolyte is governed by its concen- 
tration. The variation of dielectric 
constant with frequency has ‘already 
been discussed when we were consider- 
ing anomalous dispersion. 

In general, most biological sub- 
stances have a dielectric constant of 
the same order as that for water where 
é€ = 78.5. Organs which are fatty or 
which contain air spaces have much 
lower constants of the order of from 
10 to 30. Serum and proteins have 
probably the highest values being of 
the order of 85. 

Holzer and Wiessenberg give values 
for certain materials, shown in Table 
II. In this table the wavelength in 
metres \ at which the measurements 
were made is also given. 

In a study of electro-biology the 
changes in dielectric constant are in- 
timately connected with such chemical 
processes as flocculation or coagufa- 
tion, and also in the production and 
maintenance of electrical potentials in 
organisms. 

(To be continued.) 


Conferences _ 

There is some curious twist in the 
business mind that makes it suspicious 
of the right answer. 

Consider what happens to most 
problems that are tossed into a con- 
ference. The sound solution is almost 
always simple and obvious, but the 
regular practice is to struggle all the 
afternoon to find some compromise 
with the right way. 

It seems to be accepted as evidence 
of the shrewd business mind to be able 
to so confuse and muddy a proposi- 
tion that no one will ever think 
straight about it again. 

—Seen on the wail in somebody’s 
office. 
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Fluorescent Lamps 
A Survey of Old and Recent Developments—Part IV : Conclusion 


By R. NEUMANN, Dipl. Ing. 


HE principal requirements 
[sais a satisfactory fluorescent 

lighting equipment must fulfil 
are: low striking voltage of the arc, 
a minimum of additional appliances 
which might cause trouble, long life 
of the tube and especially of the acti- 
vated electrodes, 1eliable operation 
and a short time lag in attaining the 
full luminosity. From the commercial 
point of view, small dimensions, low 
initial costs, and high luminous effi- 
ciency must be added. 

As may be gathered from the ser- 
vice suggestions given by Amick.”* 
and from a discussion which took 
place at the Royal Society of Arts a 
short time ago™ starter troubles play 
quite an important and undesirable 
part in the operation of these light 
sources. Damage to the starting 
switch may, for instance, be caused 
if a fluorescent tube near the end 
of its life loses the emission from its 
electrodes: -As was pointed out by 
J. N. Aldington in a paper containing 
much valuable information on _ the 
development of the ‘‘Sieray’’ fluores- 
cent lamp of Siemens” a ‘‘blinking’’ 
or ‘“‘hunting’’ effect may be noticed as 
the first sign of the need for a new 
lamp and in this case the old lamp 
should be replaced or switched off 
without delay. There are also quite 
a number of other causes for starter 
troubles: To avoid these and at the 
same time to fulfil. all the require- 
ments mentioned above, research work 
done within the last few years at the 
laboratories of the G.E.C., Ltd., 
Wembley, by Dr. M. Pirani and his 
colleagues’ may well serve to bring 
about marked improvements in 
fluorescent lighting and in other gas 
discharge lamps. 

Two distinct problems were treated 
separately, the solutions of. both being 
combined to attain the desired results. 
One problem concerned the starting 
and maintenance of the glow dis- 
charge, the other concerned the safe 
transition from the glow discharge to 
the arc discharge. The first is mainly 
a physical problem related to the tube 
itself, especially in the avoidance of 
wall discharges, while the second is 
more of a_ physico-chemical nature 
and its solution was found by a speci- 
ally devised activated electrode. 


* See 30 Oe pibliography to Part | Il, p. 2 p. 205. 

23 — yee Pineresee * Light Sources and 
{ —— , Iluminating Engineering 

Society, ture, April 14, 1942. 


Types of Starting Circuit 





Tube fl 








os teduction 
Col 





Choking Coit 











Fig. 6. Connexions of lamp with * ‘eamsaead 
electrode and induction coil 
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Fig. 7. Lamp with mechanical vibrator in coil 
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Fig. 8. Lamp utilising a form of discharge 
device (Br. Pat. 505670). 
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Fig. 9. Saturated Transformer, also covered 
in the above patent. 


* the envelope. 
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Fig. 10. Glow Discharge Lamp and condenser, 
in same patent.. 


Starting and Maintaining Glow 
Discharge.—As a forerunner of the 
present development a diagram of 
connexions is shown in Fig. 6.% Here 
an outer auxiliary electrode is placed 
midway between the main electrodes 
and connected to an induction’ coil 
‘‘which causes the tube to ignite by 
the production of some ions and 
therewith the removal of negative 
wall charges.’’ These. wall charges 
would prevent the discharge between 
the main electrodes from starting 
even if sufficient ions are present in 
the gas or vapour. The function of 
removing the wall charges is _per- 
formed. by producing electric fields 
strong enough to produce ionisation 
by collision. The ions thus produced 
are attracted to the walls and 
neutralise the charges on them. The 
wall charges are apparently caused 
by diffusion of electrons and they 
occur in quite irregular patches. The 
temperature of the walls seems to 
play -an important part. Although 
the induction coil used in connexion 
‘with the auxiliary electrode needs 
only a few watts, the voltage pro- 
duced by it is largely in excess of the 
supply voltage and this is undesir- 
able .as the insulation of the whole 
outfit must be adapted to the highest 
occurring: crest value of voltage. 


Patent 505670 of G.E.C., Ltd, 


Pirani and Riidenberg (1937) shows 


some alterations of the same principle. 
In Figs. 7-10 the auxiliary electrodes 
are either placed inside the tube or, 
as in Fig. 10, outside the tube in the 
form of a spiral of fine wire wound 
around the whole length of the tube, 
or a conducting coating painted on 
In Fig. 7 a mechani- 
cal (reed) vibrator, in Fig. 8 a dis- 
charge device, in Fig. 9 a saturated 
transformer, and in Fig. 10 a glow 
discharge lamp shunted by a conden- 
ser, are connected in the primary cir- 
cuit of the induction coil. The peak 
of the impulse voltage applied to the 
auxiliary electrode ‘‘does not exceed 
or even attain 10 times the r.m.s. vol- 
tage of the supply.’’ ° But, as men- 
tioned above, such an excess voltage 
is undesirable, and besides in all the 
examples. shown in the figures .auxili- 
ary appliances are required which 
may cause trouble. 

The fact that the power required for 
producing the impact voltage never 
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Fig. 14. Design for fluorescent tubular lamp—Pirani. 


exceeds 10 watts and is often less than 
1 watt makes this kind of connexion 
suitable for special services, e.g., the 
control of flashing signs and the like 
for signalling purposes. 

Some examples are given in the 
patent specification which show that 
the ratio of the open circuit r.m-.s. 
value of the voltage to the: running 
r.m.s. voltage may be as high as 0.66 
or even 0.86. 

According to patent specification 
506919 of the same inventors and the 
same year the induction coil is re- 
placed by a valve oscillator consisting 
of a back-fed thermionic triode with a 
resonance circuit connected between 
auxiliary electrode and earth. The 
oscillator is capable of applying a 
sinusoidal voltage of at least 6 Mc/s. 
to the auxiliary electrode. The latter 
is made broad in the centre and taper- 
ing at the ends so that the ionisation 
produced by it near the main elec- 
trodes is high enough, but not too 
strong so as to cause a large vol- 
tage drop of the auxiliary source and 
therewith impede the ionisation in the 
centre part of the envelope. _Prefer- 
ably the current of the auxiliary 
source is furnished without interrup- 
tion although it would be sufficient to 
apply it only at the start of each half 
cycle of the main voltage. Fig. 11 
shows the diagram of connexions, 

In patent 517253 of G.E.C., Ltd., 
Bloch, Pirani and Prinz (1938) the con- 
ditions are discussed which are apt 
to make the auxiliary electrode most 
effective even if no valve oscillator is 
used. It should touch or approach 
very nearly the envelope over its 
whole length. As its effect is that of 
a condenser plate it should cover a 
considerable part of the circumfer- 
But, of course, a compromise 
is necessary, as otherwise the elec- 
trode would obstruct the light issuing 
from the envelope. Therefore, a wire 
wound helically around the envelope 
is used or a continuous strip of metal 
covering about 1/5 of the envelope. 
The auxiliary electrode should be con- 
nected to earth through a finite imped- 
ance, i.e., such a one that the starting 
would be less satisfactory if the im- 
pedance were much higher or lower, 
or through a low impedance which is 
interrupted for starting the discharge. 


Experiments proved that the helical 
electrode is more effective than the 
strip, that a resistive impedance is 
more effective than a capacitive one 
and that the interruption of the earth 
connexion is more effective than 
either. Any interrupter may be chosen 
for the purpose, but one operating by 
electrostatic attraction was found to 
be particularly suitable. It consists 
of two metal strips separated by a 
thin sliver of mica. One of the strips 
is earthed, the other is connected to 
the auxiliary electrode, and, through 
a high resistance, to an unearthed 
main electrode. When the voltage is 
switched on the strips attract each 
other and touch, thereby earthing the 




















Fig. 13. Waveforms of discharge lamp in 


operation. 

auxiliary electrode. The resistance 
causes a voltage drop, the strips 
separate again, and this cycle is re- 
peated continuously. Although this 
is a much simpler arrangement than 
the valve oscillator it has still mov- 
able parts which occasionally might 
lead to trouble. 

Patent 523839 of G.E.C., Ltd., and 
Pirani (1939) discloses the final step 
which does away with this interrupter 
and thus fulfils perfectly one of the 
most important principal require- 
ments mentioned above. The auxili- 
ary electrode is again arranged inside 
the tube and consists of t\’o equidis- 
tant wires extending side by side 
throughout most of the space between 
the main electrodes. At least one of 
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the wires, but preferably both of them 
are connected through a condenser to 
the main. electrodes as shown in Fig. 
12, Near the main electrodes the 
auxiliary wires are protected by suit- 
able shields against the direct impact 
of electrons issuing from the main 
electrodes. A capacity of 1 #F is suffi- 
cient for the condensers. The arrange- 
ment of these auxiliary electrodes en- 
sures that at all times and in all parts 
of the tube, ions are present, and 
especially before the main discharge 
reaches its striking voltage. The 
latter is as we saw also influenced by 
the gas pressure. The use of argon 
at 2 mm. pressure proved to be appro- 
priate... 

The glow discharge between the 
auxiliary electrodes is mainly perpen- 
dicular to the tube axis and this en- 
sures that a sufficient number of ions 
strike the wall for neutralising the 
negative wall charges. Besides there 
is a voltage residue between the aux- 
iliary and the. main electrodes when 
the main voltage passes through zero. 
This may be realised by inspecting 
the oscillograms of Fig. 13, in which 
1 is the voltage between the auxiliary 
electrodes, 2 the voltage between the 
main electrodes, 3 the supply voltage, 
4 and 5 the voltage between the 
auxiliary and the main electrodes. 
(These curves only show the trend of 
the voltage curves, but do not give 
their correct phase relations.) 

Fig. 14 shows the actual design of 
a tube with auxiliary electrodes. In 
order to support these electrodes the 
two wires are wound about 6 mm. 
apart in the same direction helically 
around a glass tube of about 5 mm. 
diameter, which at the same time at 
either end is used as a shield against 
electron impact from the main elec- 
trodes. This is accomplished by 
leading the wires of the auxiliary elec- 
trodes for some distance inside the 
supporting tube, as shown in the 
figure. The cylindrical shields 
around the main electrodes serve for 
protecting the ends of the main tube 
against blackening. 

It was found useful to activate the 
wires forming the auxiliary electrodes 
by a coating of 99% BaNs and 1% 
CSN; at their central parts. In the 
tests the main tube had a diameter of 
1¥ in. and a length of 20 in. 
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Fig. 11. Starting circuit using a valve oscillator 
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Fig. 12. Starting circuit with inner auxiliary 
electrodes and condensers. 
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One question should be discussed 
before we leave the subject of initiat- 
ing and maintaining the glow dis- 
charge. While it appears obvious 
how ionisation occurs within the tube 
by a high frequency discharge applied 
to the auxiliary electrodes, it is’ not 
quite as obvious how the very first 
step of ionisation is brought about by 
arrangements as described in patents 
517253 and 523839. As is shown by 
oscillograms, every few seconds vol- 
tage surges with a very steep front 
occur within the tube without any con- 
ceivable cause, the effective current 
of these surges being of the order of 
10-*a and the crest voltage about 
300 v. It appears highly probable 
that these irregular surges and other 
less effective’ surges occurring with 
some regularity, but with smaller 
amplitude, are caused by cosmic rays 
and that these are therefore respon- 
sible for the first start of ionisation. 

Transition from Glow to Arc Dis- 
charge. —We shall now deal with the 
second problem, the transition from 
the glow discharge to the arc dis- 
charge. Every engineer conversant 
with mercury arc rectification hnows 
the problem of back-firing which 
occurs if the anode at any point of its 
surface is converted into a cathode, 
by some kind of impurity adsorbed on 
it. With the discharge lamp as we 
have seen, the electrode acts as a 
cathode and as an anode alternatively 
and it is the anode fall which keeps 
the electrode at the high temperature 
required for safe operation. So it 
may be said that the dreaded back- 
firing effect is turned here to good 
account. 

The activated electrodes hitherto 
known consisted either of a metal wire 
coated with oxides or they were so- 
called ‘“‘block electrodes’’ consisting 
of a conducting mixture of metal and 
oxide, or an internally heated nickel 
container was coated with oxides.” 
The new electrode described in patent 
specification 537826 of G.E.C., Ltd., 
and Pirani (1940) consists of a cylin- 
drical pellet placed inside a helical 
tungsten wire. The pellet consists of 
a. mixture of barium chromate 
(BaCrO,) with a reducing: agent such 
as silicon, zirconium, tantalum, ferro- 
titanium or manganese-titanium. The 
barium may be replaced by calcium 
or strontium and the chromate by the 
aluminate. The reducing — egent 
should not be too volatile and should 
be in considerable excess so that the 
pellet is conductive. A hinder is 
chosen according to the reactivity of 
the reducing agent and may be potas- 
sium water glass if silicon, cr ethyl 
cellulose if zirconium, is used as a 
reducing agent. The pellet should be 
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porous and its surface rough so that 
the reduced metal may wander slowly 
to the surface, and so as to cause the 
glow discharge to concentiate ou a 
few spots forming hot spots on the 
wire helix which is thus coated with a 
very thin, probably monatomic, layer 
of metallic barium. This has a very 
low work function (about 1 v.). It is 
essential that the layer is formed and 
replaced very slowly as otherwise 
the barium content of the pellet would 
soon be exhausted and the life of the 
electrode would be too short. In 
order to rely not entirely on the surges 
caused by cosmic rays for the initial 
ionisation, a tiny amount of a radio- 
active compound, e¢.g., o.o1g of 
U;Os, was added to some of the 
pellets; but it is very likely that such 
an addition is not necessary. 


With this kind of electrodes—with 
or without U;Os—in combination with 
an auxiliary electrode described above 
(Patent 523839) in a tube about 16 in. 
long and about ? in. diameter, filled 
with argon at a pressure of 10 mm. 
and a drop of mercury, and with the 
series impedance adjusted so as to 
carry 300 mA with 80-100 v. in full 
operation, the starting was regularly 
achieved on a supply of not more than 
200 v. a.c. It was quite unnecessary 
to heat the cathodes independently of 
the discharge or to use any circuit 
elements other than the impedance 
normally in series with the discharge. 

Thus. all the requirements enumer- 
ated above are fulfilled. It should be 
mentioned that the object of dispens- 
ing with a special starter has appar- 
ently also been achieved by some de- 
velopment made in France, based also 
on the use of a special kind of the 
Wehnelt cathode. But A. Claude's 
publication on this achievement” 
gives only the names of the scientists 
instrumental in the solution of the 
problem (M. Bethenod and M, Lecor- 
guillier) without stating in detail how 
it was actually solved. Due to pre- 
sent conditions the respective patent 
literature is apparently not available 
here so that we must confine ourselves 
to these brief indications, 


Future Development.—The ques- 
tion is frequently asked whether the 
fluerescent lamp could not be modified 
so as to be readily installed with the 
outlets now in common use. No doubt 
this would materially facilitate the in- 
troduction of this lamp. But on the 
other hand the bulb of the incandes- 
cent lamp in present use shows in 
many ways its desgendency from the 
ordinary candle with all the draw- 
backs of a pointlike source of light, 
and tubular lamps arranged along, or 
in recesses of, the edges of the ceiling 
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have been used for many years as 
“strip lights’? with stretched filaments 
and have given great satisfaction not 
only to the illuminating engineer, but 
also to the user. When new houses 
and settlements will be built after the 
war it will be advisable to make the 
fullest use of this beautiful and econo- 
mic source of light and to lay out the 
wiring and the outlets so as to con- 
form with its requirements. 


That steps in the direction of modi- 
fying the lamp for its being used with 
ordinary outlets are under considera- 
tion is for example proved by French 
Patent 837795 (Philips) which de- 
scribes -various forms of tubes bent 
into some circular shape more suitable 
for domestic lighting. 


Another question which has been 
asked lately is. whether the higher 
economy obtainable by the fluorescent 
lamp should be utilised for reducing 
the current consumption with an 
equipment giving about the same 
illumination as with incandescent 
light, or for obtaining better lighting. 
The obvious answer to this question, 
as far as this country is concerned, is 
that under the present conditions of 
coal shortage the former tendency is 
surely preferable. In time of peace 
very likely there will be a change 
and a higher objective level of illu- 
mination than is practicable with in- 
candescent lamps will .then be set. 
This at least would be in accordance 
with the experiences made 40 years 
ago at the transition from the carbon 
filament lamp to the high efliciency 
tungsten lamp. 


Rejuvenating Dry Cells 


In the Ocfober issue of our contem- 
porary, Electronics, M. E. Kennedy 
describes a successful method of ex- 
tending the useful life of dry cells by 
re-charging them like accumulators. 

A direct current of 150 mA. is passed 
through the cell for four hours or 
longer, the current being maintained 
constant throughout the charge. 


A voltage-stabilising period of 
about six hours should be observed 
following the charge, the cell return- 
ing to normal voltage during this 
time. 


Life tests on reclaimed cells show 
that it is possible to repeat the re- 
clamation process about four times on 
the better grade of dry cell. Best 
results were obtained from fresh cells 
expended over a period of two weeks 
and reclaimed before they were en- 
tirely dead. It is essential that cells 
for reclaiming should have sufficient 
internal moisture in the electrolyte. 
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CORRESPONDENCE 


Controversy 

Sir,—While agreeing with the im- 
plications in your Editorial of Octo- 
ber that the best results may be ex- 
pected from shoemakers who stick to 
their lasts, I think electronic en- 
gineers may thank Mr. T, Robson and 
Mr. D. R. Carling for drawing 
attention to a defect which is too 
common in our products. 

That there are electronic experts 
who are also engineers, is clear from 
certain sound and robust designs, of 
which automatic traffic controllers 
may serve as an example. 

But, it may be noted, these are 
usually made by firms with an en- 
gineering tradition based on the manu- 
facture of heavy switchgear and simi- 
lar equipment. 

Now, a large proportion of our 
electronic engineers have been re- 
cruited, like the writer, from those 
who were ‘“‘good at the wireless” in 
the heyday of amateur construction. 

Numbers of such men have deve- 
loped into what can, in every sense, 
be termed electronic experts. But, 
unless circumstances have combined 
to give them also some adequate 
mechanical training, many still fail 
to appreciate the very large difference 
between what will serve as a labora- 
tory lash-up, or even as a finished 
domestic product such as a radio re- 
ceiver, and the constructional stan- 
dards necessary for reliable perform- 
ance under industrial conditions. 

The writer is in charge of the elec- 
tronic laboratory of a firm of mechani- 
cal engineers, and during the past 
five years, a variety of technicians, 
and of equipment, has passed through 
his hands. 

No names, no pack-drill, but, oscil- 
loscopes being a feature of the 
original controversy, an example may 
be quoted of a C.R.O. for -laboratory 
use only, which has been out of ser- 
vice six times since it was purchased 
less than a year ago. 

To criticise the performance of such 
apparatus under heavy industrial con- 
ditions would be meaningless, since, 
clearly, it does not approach the 
standard necessary. 

The need, however, does exist for 
reliable heavy-duty equipment, and 
lacking a satisfactory source of sup- 
ply, we have been compelled to make 
our own, an uneconomic policy which 
we shall be only too glad to abandon, 
as soon as firms specialising in elec- 
tronic devices market suitable appara- 
tus, designed by electronic engineers. 

Yours faithfully, 

F. CAMPBELL ROSE. 
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NOTES FROM THE INDUSTRY 


R.C.A. “ Radio Nails ”’ 

The ‘‘tacking’”’ of plywood, plastics 
and other industrial materials with 
‘“‘radio nails’’—an almost instantane- 
ous method of spot joining thin sec- 
tions of material—is made possible by 
one of the newest electronic develop- 
ments of the Radio Corporation of 
America, 

The so-called ‘“‘radio nail” is a dis- 
charge of high-frequency electric cur- 
rent which can be directed through a 
sheet of material, generating a quick 
and intense heat in its pathe When 
two sheets of material are placed to- 
gether with a coating of plastic glue 
between them, heat thus induced can 
be used to form a bond at the point of 
application. 

The ‘“‘radio nail gun” or spot gluer 
which R.C.A. has developed is an ex- 
perimental device which has not as 
yet been offered commercially, but its 
operating principles bear promise of 
varied industrial usefulness, accord- 


ing to R.C.A. One field use now fore- . 


seen, for example, is in the fitting to- 
gether of thin veneers in the manu- 
facture of moulded plywood aircraft 
parts. 

Resembling a _ short-barreled auto- 
matic pistol or a narrow-based electric 
flatiron in the two styles thus far de- 
signed, the ‘‘gun’”’ or applicator is 
attached by a cable to a_ portable 
radio-frequency generator. Manceuvr- 
ability is enhanced by the use of a 
principle which makes it possible to 
locate both electrodes in the ‘‘muzzle”’ 
of the gun, whereas earlier dielectric 
heating devices have required passage 
of the material to be heated between 
two electrodes. 

In the spot gluer, a pin extending 
lengthwise down the centre of the 
barrel forms one electrode, while the 
casing of the barrel is the other. In 
operation the muzzle is _ pressed 
against the material over the spot to 
be bonded and the current is applied 
by pressing the trigger. Since the 
material to be bonded is a: better con- 
ductor than the air between the pin 
and the casing of the barrel, the cur- 
rent, following the line of least re- 
sistance, between the electrodes, fol- 
lows a curved line through the mate- 
rial. 

To permit some variation in the 
degree of fastness or permanency of 
the original bond, the spot gluer is 
equipped with an electronic timer 
which can be set to control the inter- 
val of application. The spot gluer 
has an output of approximately 50 
watts and an operating frequency of 
about 200 megacycles. 


Institute of Physics 
X-Ray Analysis Group 

The Board of the Institute of 
Physics has approved the formation 
of an X-ray Analysis Group. The 
object of the group is to provide a 
meeting ground for those interested 
in the theory and practical applica- 
tions of X-ray diffraction; it is in- 
tended to arrange lectures, either in- 
dependently or in conjunction with 
other bodies, and otherwise to promote 
contact between those using X-ray 
diffraction methods. . 

Membership of the Group is open 
(without payment of further fee) to all 
Fellows, Associates, Subscribers, and 
Students of the Institute of Physics. 
Specific application for enrolment as 
a member of the Group should be 
made to the Honorary Secretary, 
X-ray Analysis Group, Crystallo- 
graphic Laboratory, Free School 
Lane, Cambridge. 


Kolster-Brandes, Ltd. 

We are.informed that the recent 
notice in the technical press referred 
to Kolster-Brandes, (Ltd., which went 
into voluntary liquidation on May 2, 
1938, and not to the present company. 
An ambiguity in the wording has led 
to the assumption that the present 
company is in liquidation, which is 
definitely not the case. 


: Multi-core Solders, Ltd. 

The address of the Head Office of 
this Company is now Commonwealth 
House, New Oxford Street, London, 
W.C.1. ’Phone CHAncery 5171/2. 


E. K. Cole, Ltd. 

Mr, N. C. Robertson, works man- 
ager since the war, has been appointed 
a director of the firm, together with 
Mr. A. G. Allen. Mr. A. W. Martin 
is now chief engineer. Mr. Martin 
has been with the firm since 1928 and 
as assistant chief engineer has been 
responsible for many technical and 
design developments. 


Reliance Manufacturing Co. 
Mr. J. B. Langley — 

We very much regret to record the 
death of Mr. J. B. Langley, co-direc- 
tor with Mr. J. R. Spink, of Reliance 
Manufacturing Co. 

Mr, Langley joined the company 
over twenty years ago, and at the time 
of his death was technical director. 

Those who had the pleasure of meet- 
ing him in either a technical or busi- 
ness capacity were impressed by his 
courtesy and friendliness, with which 
was associated first-class ability. His 
death is.a loss to the industry, and we 
offer our condolences to his relatives 
and fellow workers in the company. 
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FINE LIMITS 


There are limits and limits. For this we 
recommend a Jeep, but if you need a low 
loss insulator which will stand up to 400°C. 
and can still be machined to fine limits—what is 
there but MYCALEX. 

















Power Factor Tensile Strength 
| meg. and over .002 Ibs./sq. in. 5.800 
Permittivity ... ... 6.7 Water Absorbtion NIL 
Electric Strength 
(volts/mil.) 550 Plastic Yield ... 450°C, 





Send for illustrated brochure. 





MYCALEX COMPANY LIMITED - CIRENCESTER «+ GLOS. 

















We don’t profess to know much about design in surrealist 
art, but we know a lot about the designing of electric 
motors and switchgear. 

The demands of wartime industry call for special flexibility to 
many kinds of problem and the working experience so 
gained will find still wider applications in the post-war 
world. The service we have to offer covers development 
work to specialised requirements in Small Electric Motors, 
Alternators, Generators and Electro-Mechanical apparatus. 
Within this field the resource and experience of our advisory 
and production units will be at the disposal of all whose 

. particular difficulties call for new approaches in design. 

Indelibly printed on white or coloured Write for particulars of any special type of apparatus that 





fabric for use in conjunction with interests you: we will forward details and literature when 
transparent adhesive tape. available. : 


@ Guaranteed 2/3 day delivery service. | S M A L . E L E C T R I C 


P.P.PAYNE & SONS L? EY, MOTORS LTD. 


HAYDN ROAD NOTTINGHAM Phone: 64335 est BECKENHAM, KENT 


° A subsidiary of 
BUSH HOUSE LONDON Phone: TE Mple Bar 6356 M sai emaemmieciaamumnii aiead 
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BOOK REVIEWS 


General Electrical Engineering 


Edited by R. Kemp, M.Sc. (Odhams Press 
Ltd. 6s. 6d.net. 448 pp.) 


The sub-title of this book is “A 
Comprehensive Introduction for 
Students, Apprentices, and all con- 
nected with the Electrical Engineer- 
ing Industry.’ 

Commencing with an elementary 
explanation of electricity and the 
electron theory, the chapters deal 
with simple apparatus and measure- 
ments, generation and transmission of 
power, installation work, and the 
applications of electricity. Two-final 
chapters are concerned with tele- 
graphy and telephony and radio com- 
munications and television. 

There is an interesting practical 
note on electrical engineering draw- 
ing and a short glossary of terms in 
the appendix. 

As is usually the case, this book has 
been compiled from chapters written 
by various experts in the different 
branches of the subject, and the mate- 
rial has been cleverly assembled to 
give a good general survey of the 
field. It is natural that gaps should 
occur, as presumably the board of 
contributors do not have an oppor- 
tunity of comparing notes, and there 
are one or two places where a pre- 
vious knowledge on the part of the 
reader is unjustifiably assumed (p. 41, 


for example, mentions a tangent gal- 
vanometer without describing its prin- 
ciple). 

In the section on telephony it is 
disappointing to find the subject of 
Automatic Telephony dismissed in 80 
lines and one diagram, but this is 
more than compensated for by 7 pages 
on joints and jointing. 

The whole work is well illustrated 
and should stimulate newcomers to 
the industry to find a congenial sub- 
ject in which to specialise after the 
war. 


4,000 Years of Television 


R. W. Hubbell 244 pp. (G. P. Putnams‘ 
Sons, New York. $2.25.) 

“The story of seeing at a distance”’ 
describes the fundamental principles 
and development of television in a 
popular style from the age unre- 
corded history to the time of the 








Books reviewed on this page 
or advertised in this Journal, 
can be obtained from 


H. K. LEWIS & Co. Ltd. 
136 Gower Street, W.C.1 


If not in stock, they will be obtained 
from the Publishers when available 








public service from Alexandra Palace. 

The story commences in 2,000 B.C. 
with the discovery in Assyria of the 
knowledge of optics, continues to the 
discovery of magnetism in Magnesia, 
amber in Greece and then on to the 
work of William Gilbert in 1600 A.D. 
The inventions are given in order of 
appearance until the stage is reached 
when, by merging the many details, 
practical experiments could be under- 
taken. 

John L, Baird’s progressive work is 
ably described, and it can be realised 
how many were the contributions he 
made towards the perfection of tele- 
vision. The chapters covering de- 
velopments of the last ten years in- 
clude the achievements of the public 
service from Alexandra Palace, the 
experimental work in America by Drs. 
Zworykin and Goldmark, and the 
strides made in colour television in 
England and America. The fateful 
1939 when A.P. closed down is vividly 
recalled. 

An interesting chapter ‘‘Mystery 
Weapons,”’ shows how the many in- 
ventions which combined to make 
television a possibility, may be 
diverted to the requirements of war. 

The book is excellently written in a 
most entertaining fashion, and is re- 
commended as interesting reading to 
the engineer as well as to the semi- 
technical viewer. D. A. P. 














Communication equipment when times permit. 
Until then, your care will add to Redifon’s 


acknowledged dependability. Look to these 


details. 


I. Adjust voltages and currents correctly 


2. Ventilate properly 


3. Clean regularly and wipe off condensation 


4. Make frequent routine inspections and don’t 
neglect minor maintenance jobs 


REDIFFUSION LT 


GREATER CARE-LONGER SERVICE 


We shall build new and even better Radio 


# 


A Subsidiary <7 Broadcast Relay Service Limited 


Designers and manufacturers of Radio Communication and Industrial Electronic Equipment 





VICTORIA STATION HOUSE 


VICTORIA STREET + LONDON + SW 


D. 





REDIFON 


! (PHONE VICTORIA 883!) 
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LOW-LOSS 
CERAMICS 


TAYLOR 
TUNNICLIFF 
& (0., LID. 


Head Office: Eastwood, Hanley, 
oe. London: 85, Streatham 
Hil, S.W.2. Factories at Han- 
Stone and » Staffs. 
¢ i 6255-6 

and Stoke-on-Trent 5272-4. 









B. O. MORRIS LTD.. 
SHIRLEY. BIRMINGHAM 
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=ELECTRADIX= 


NEW LIST NOW READY. (Limited supply) 
Regulations a us to charge for this. List sent 
post free for 6d. 


IMPORTANT. MOTORS and DYNAMOS. We 
have acquired a useful parcel of D.C. Motors i. all 
sizes from ¢ h.p., 4, 2, $, ¢, 2, 1, 14,2, 3,4,5 and 6h.p., 
in 110, 220 and volts. There are also a number 
A.C. Motors, single and 3-phase from 4 h.p. to 3 h.p. 
Kindly specify wants and we will offer the nearest, as 
no priority is needed on these machines. 


10 MERCURY VAPOUR LAMPS. 400 watt 
Phillips ‘‘ Philora,"’ wich chokes, condensers, lamp- 
holders and 20 in. reflectors, for sale singly or as one 
set. 


PORTABLE ELECTRIC DRILLS. 
£5 10s., A.C. 220 volts, £7 10s. 


BLOWERS AND FANS. Exhaust and open type 
tth to 6 H.-P. 


SUNDRIES. 6 in. Pocket Thermometers, nickel 
case Vet. Type for animals, 90/100 deg., 1/6. H.M.V. 
Resistors, glass cased, wire ends, } watts, .01, .025, 
.05, t/- per set of 3 or 2/6 per doz. Screened Mike 
Cable, flexible sheath, single core, 1/2 per yard. 
Multiple Connection Strips of soldering tags, 

leph type Ided mounting, in 20, 40, 80 or 
100 watts, at 2/6, 3/-, 3/6 and 4/- each. G.P.O. 
Plugs, 2/- each. Mentor Battery Indicators, 
thermal type signal light, thermal type 2} in. dial 
flush panel, 6 volt and 12 volt, 5/-. Small Solenoids, 
** Gemi "’ 6 volts 1} amps., iron plunger, 6/6. Old- 
hams Miners’ Lamps, all-metal, for accumulator or 
dry cell, 7/6. 4-way Cords, long; suit mikes of 
handcom phones, 2/-. Electric Counters to 10,000 
revs., G.P.O.,5/6. COVERS. Light metal ventilated 
covers for test boards, resistances, charges, etc., 
special arch shape to contain 6} in. x 5 in., with 
terminal cover extension, 3/-, postage 6d. 


For other bargains see previous advertisements. 


ELECTRADIX RADIOS 


214, Queenstown Road, Battersea, London, S.W.8 


D.C. 110 volts, 





qumemmeees elephone: Macaulay 2159. gums 


Pnatvislge 


“Where are we?” 


The ’phone directory does not give 
Our newest number and abode 

So if you wonder where we live 
’Tis not in Street or Lane or Road 

Nor yet King’s Buildings as before 
Nor Park or Crescent, Drive or 

Hill, 

’Tis not in Gardens or The Gore 

Where we your urgent needs 
fulfil. 


If still you seek our new address 
These rhyming lines may serve, 
perchance, 
On your taxed mem'ry to impress 
That we are now in Petty France. 
We hope you'll call around one day 
At seventy-six-stroke-eight, first 
floor, 
But should time press, lift phone and 











say, 
‘*Gimme Abbey Two-two-four- 
four.”’ 


ML: 


Ph.D. B &c., M Brit.LLR.E., M-LE.E.5 
Transformer Manufacturers, 


PETTY FRANCE, LONDON, 


16-78, 
S.W.1. Telephone: ABBey 2244. 
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tonal word. Single-column inch rate displayed, 

. All advertisements must be accompan by 

remittance. Cheques and Postal Orders should be 
made payable to Hulton Press, Led., and crossed, 

should reach this office, 43, Shoe Lane, London, E.C.4, 

not later than the I5th of the month previous to 

date of issue. 


FOR SALE 

IN STOCK, Rectifiers, Accumulator Chargers, 
Rot Converters, P.A. Amplifiers, Mikes, Mains 
Transformers, Speakers of most types, Test Meters, 
etc., Special Transformers quoted for.—University 
Radio, Ltd., 238, Euston Road, London, N.W.1. 
Ger. 4447. 

HANK BUSHES and screws to your specifications 
——— Work). uick deliveries. D.T.Co., 
* Electronic Engineering,”” Box No. 654. 


LOUDSPEAKERS 
LOUDSPEAKERS—We carry on. Sinclair Speakers, 
170, Copenhagen Street, N.1. 


LOUDSPEAKER repairs, British, American, any 
make, 24-hour service; moderate prices.—Sinclair 
Speakers, 170, Copenhagen Street, N.1. 


MISCELLANEOUS 


WE WILL BUY at your price used radios, ampli- 

fiers, converters, test meters, motors, pick-ups, 

speakers, etc., radio and electrical accessories. Write, 

wg or call, University Radio Ltd., 238, Euston 
oad, London, N.W.1. Ger. 4447. 


WEBB’S Radio Map of the World enables you to 
locate any station heard. Size 40° by 30” 2 colour heavy 
Art Paper, 4/6, Post 6d. Limited supply on Linen, 10/6, 
post 6d. —Webb’s Radio, 14, Soho Street, London, W.1 
Phone : GERrard 2089. . 


FULL range of Transmitting et practice sets and 
other equipment for Morse training.—Webb’s Radio, 
14, Soho Street, London, W.1. Phone : GERrard 2089. 


SYSTEMATIC RADIO SERVICING—A practical 
method devised and employed by J. Bull. Also a cata- 
logue of many Radio Service Aids, including ‘‘History of 
Faults,” “ Job Cards,” ‘ Valve Base Data Cards,” 
and a Rectifier which will replace any of the Universal 
valves. Price 1s. 7d. post free. .E.S. (A), Radio 
House, Melthorne Drive, Ruislip. 


SITUATIONS VACANT 
A.M.LE.E., City and Guilds, etc., on “‘ NO PASS- 
NO FEE” terms. Over 95% Successes. For full 
details of modern courses in all branches of Electrical 
Technology send for our 112-page handbook—FREE 
and post-free. B.I.E.T., (Dept. 337B), 17 Stratford 
Place, London, W.r. 


MANAGER required for mechanical design depart- 
ment of large mass production’ factory. Several 
years experience in light electrical engineering and/or 
radio industry. Salary according to experience and 
qualifications. Write giving full information of past 
experience, age, salary required, etc., to Box 670, 
‘** Electronic Engineering.” 


WANTED 
WE OFFER cash for good modern Communication 
and all-wave Receivers.—A.C.S. Radio, 44, Widmore 
Road, Bromley. 
ADVERTISER wishes to contact Engineers with 
experience in the design of particular types of A.F. 
Transformers (Microphone Intervalve Output Line 
Bridge, etc.) and willing to undertake some spare time 
work of this nature from time to time at fees to be 
agreed. Write stating qualifications and type(s) in 
which specially experienced to Box No. 668, ‘‘ Elec- 
tronic Engineering.” 
ADVERTISER wishes to purchase radio and electrical 
laboratory equipment, in particular A.C. and D.C. 
Bridges, Calibrated A.F. Attenuators, Galvanometers, 
Inductance Standards, variable and fixed, mutual 
Inductometers, B.F. Oscillators, Double Beam Oscil- 
loscopes, Output Meters, A.C. Potentiometers, Q. 
Meters, R. and C. Decade Boxes and Standards, Signal 
Generators and Wave Analysers. Instruments must 
be the product of recognised firms, be of reasonably 
modern manufacture and in first-class order. Minor 
defects of appearance only might not be objected to. 
Forward particulars of make, type, specification, age 
and condition, together with price asked, to Box No. 
669, “ Electronic Engineering.” 


Bs P 1 TO THE WORLD *¥ 


Nearly 3,000,000 new and Second-hand Books on 
Engineering and every other subject. 
Books Bought. 
119-125 Cross Road, London, W.C.2 
Tele: Gerrard (16 lines). Open 9-4 inc. Sat. 
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GALPINS "Sons" 


“Fairview” London Road, Wrotham, Kent, 
TERMS : Cash with order. No C.O.D. 
Regret no Orders can ad ~~ ag from Eire or Northern 
and. 


ELECTRIC LIGHT CHECK METERS, well 

known makers, first-class condition, electrically 
uaranteed, for A.C. mains 200, volts 50 cy, 
phase 5 amp. load, 10/- each. 


| K.W. TRANSFORMER, input 100 volts at 100 
sycles, single phase, output 10,500 volts, centre 
tapped to earth. Price £4/10/-, carriage forward. 


HEAVY DUTY CABLE, V.I.R., and braided, 
in first-class condition, size 37/13, lengths 30 to 40 
yards. Price by the length, 5/- per yard. 


ROTARY CONVERTER, D.C. to D.C., input 
48 volts; output 2,500 volts at | kW., condition 
as new. Price £10, carriage paid. 


WATT WIRE END Resistances, new and unused, 
assorted sizes (our assortment), 5/6 per doz. 


SOLID BRASS LAMPS (wing type), one-hole 
mounting, fitted double contact small B.C. holder 
and 12-volt 16 watt bulb, 3/6 each, post free. 


TUNGSTEN CONTACTS, ¥ in. dia., a pair 
mounted on spring blades, also two high quality 
pure silver contacts 3/16 in. dia., also mounted on 
nes blades, fit for heavy duty, new and unused; 
there is enough base to remove for other work, 
Price the set of four contacts, 5/-, post free. 
MASSIVE GUNMETAL WINCH for use with 
fin. solid steel wire, worm and wheel, complete with 
long handle, weight 50 Ibs. Price £3, carriage paid, 
MOVING COIL AMPMETERS, 2}in. dia., panel 
mounting, modern type, reading 0-$ or 0-20 am 
(state which required), F.S.D., 15 M/A., 30/- pee 
REDUCTION GEAR BOX, right angle drive, 
ratio 50 to I, ball _—s- 7/16 in. and 5/16 in., 
in new condition. Price 25/- each, carr. paid. 
ROTARY CONVERTOR. D.C. to A.C., lnpes 
22V. D.C. (twenty-two), output 100 volts at 140 
M/H., 50 cycle, single phase, ball bearing, in first-class 
condition, no smoothing. Price £5, carr. paid. 





RADIO & WIRELESS *% 
= BOOKS 


CATHODE RAY OSCILLOGRAPHS 


By J. H. Reyner, B.Sc.(Hons.), A.C.G.I., D.I.C., ete. 
An easily assimilable guide to the practical application 
of cathode-ray tubes to numerous purposes, including 
the examination of oscillations or wave-forms. Has 
been given the highest recommendations both for 
students and teachers. 8s. 6d. net. 











EXPERIMENTAL RADIO 
ENGINEERING 

By E. T. A. Rapson, assisted by E. G. Ackermann. 
Eminently suitable as a textbook for a three years, 
course in radio engineering at a Technical college. 
Contains a number of experiments and methods of 
measurement, the majority of which may be carried 
out with standard laboratory equipment. 8s. 6d. net. 


ELEMENTARY HANDBOOK FOR 
WIRELESS OPERATORS 

By W. E. Crook. An up-to-date book presenting @ 
general view of radio communication with an intro- 
duction to its technique. It gives all the information 
necessary for a complete understanding of the subject 
in a clear and easily understandable manner, with 
profuse diagrams. Second Edition. 4s. net. 


PITMAN’S x 


39, PARKER ST. KINGSWAY, W.C.2 
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THE DEPOSITION OF 
METALLIC FILMS by the 
SPUTTERING PROCESS 


We supply complete plants, self- 
contained and ready for use, which 
can be operated by unskilled 
workers. Our standard units are 
already extensively employed for 
normal industrial processes, but 
we are always prepared to discuss 
special plant and specific problems 
with industrial or research workers 
actively interested. 








QUARTZ OSCILLATOR CRYSTALS 


Sputtering outfit consist- 
ing of chamber mounted OPTICAL PARTS OF ALL KINDS THIS series of Taylormeters represent the 


on framework enclosing a $ ’ 0 
pumping and high tension PHOTO CELLS very latest in multi-range measuring instrument 
equipment, with indica- MICROPHONE ELECTRODES design and construction. 


ting and control instru- 
ments on front panel. Etc., etc. 


W: EDWARDS & Co. (London) Ltd. 


Makers of Apparatus for the Production, Utilisation and Measurement 
of High Vacuum 


Kangley Bridge Road, Lower Sydenham TET CON CORO TELE AL 
London, S.E. 26 


Telegrams: Epcouivac, PHONE, LONDON Telephone: Syp. 7026-7-8 

















“AFTER THE WAR” TELEVISION 


With the coming of Peace, and backed by the Technical 
advances that have resulted from the war years, TELE- 
VISION will again spring to life and offer opportunities, 
as never before, to the trained man. 

Now is the time to prepare for this new ‘‘ market.’’ Our 
Home-study ‘* Television’ Course is comprehensive, 
up-to-date and suitable both for the amateur and ex- 
perienced Radio Engineer. 

We definitely guarantee 
>“8ATISFACTION—OR REFUND OF FEE” 


You are advised to send for details of this special Television Course 

immediately. to investigate its possibilities. Details will also gladly be 

sent of A.M.1.E.E. and A.M.Brit.1.R.E., Examinations and other 
courses in all branches of WIRELESS ENGINEERING, including 
articulars of our special SHORT WAVE and RADIO SERVIC- 
NG COURSES which are in such demand—Free. 


BRITISH INSTITUTE OF ENGINEERING TECHNOLOGY 
337, Shakespeare House, 17/19, Stratford Place, London, W | 




















“UNO” 
DRAWING INKS 
are suitable 'for 
every drawing 
office use. 


A. WEST & PARTNERS, LTD. 36 sroapway, westMINsTER, 8.W.1 


ESTAB.1920 
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Practically every component the short-wave worker is 
likely to want is in stock at Webb’s, and where equipment 
of a specialised nature is required for official work 
Webb’s have facilities for constructing it. In fact, if it is 
anything to do with short wave radio . . . see Webb’s 


about it. 


Typical Webb’s Services 


SPECIAL PRODUCTS DEPT. This Department offers 


very useful facilities for the construction of specialised q 

equipment for transmission and reception. One of its recent F 
productions—a 75 watt "phone and C.W. Transmitter is 4 
illustrated above. P 
SHORT WAVE COMPONENTS. We are still able to 
offer practically any component required by the Short-wave 

enthusiast at our Retail Sales Dept., 14, Soho Street.. If you 


are unable to call, our Mail Order Dept, provides a very 
efficient and careful service. 


SERVICE OF COMMUNICATION RECEIVERS. A Wartime Service 


restricted service can now be given on all types of Communi- 


cation Receivers, but please do not despatch instruments WEBB’S RADIO, 14, SOHO ST., LONDON, W.!. | 'Phone: GER.2089 
without first communicating with us. Hours of Business 9 a.m.—4 p.m. Saturdays 9 a.m.—I12 noon. 
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